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WO years have nearly elapfed fince an acGount of the 
meafurement of a bafe qw Hounflow-Heath was laid 
before the Royal Society, being the firfi part of an operation 
ordered by his Majefty to be executed for the immediate pur* 
pofe of afcertainiog the relative fituations of the Royal Obfer- 
vatories of Greenwich and Paris ; but whofe chief and ulti^ 
mate obje<3: has always been confidered of a ftill more impor-' 
f ant nature, namely, the laying the foundation of a general 
furvey of the Britifh Illands. 

When the operation commenced m 1784, it was not doubted^ 
that in 1786, at latefl^ we ihould have been able to have pro- 
ceeded with the feries of triangles from Hounflow-Heath to the 
Beighbourhood of Dover j but the contrivance and conftruCtion 
of an inftrument, new of its kind, propofed to be made ufe of^ 
and more particularly the nicety of its divifion, whereby it is 
hoped the angles may be determined to a degree of preciiion 
hitherto unexampled^ have req,uired much more time than Mr, 
7. Ramsden 
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Kamsbeh liimfelf at firft imagined. Without meaning' to 
cliiappoint, this ingenious artift was perhaps^ in the outfet too 
remifs and dilatory.^ and accidents having happened when- the 
workmanihip was already far advanced, which he couid not 
forefee or prevent, the execution has thereby been greatly re- 
tarded, However, ^nce the inftrument may at prefent be con- 
lidered as nearly fitiillied (iuch parts as yet remain to be per- 
feSed being only of the fmaller kind), we may fairly conclude, 
that early in the enfuing; fummer^ or as foon as the weather iii 
this country will permit, the trigonometrical operation may be 
beo^un. In this fiate of thingjs, 1 have therefore iudged that: 
it might be proper to lay before the Society a fliort Iketch o^ 
the mode which is propofed to be followed in ful- 
filling his Majefty^s commands, accompanied by a 
very (light general map of the country, only col- 
kfted fi'om the common furveys, but ftill fuffi- 
cient to (hew nearly the difpofition of the triangles 
that will be made ufe of in forming the jundions 
between the meridians of the two Obfervatories* 
In this bufinefs it will be underftood, that I mean? 
to adhere to fuch priaciples as have been univer^ 
fally received and admitted as juft. 

In every feries of triangles where each angle is 
to be actually obferved with the fame inftrumentj 
they fhould, as near as the circumftances will 
permit, be equilateral: for were it poffible to 
choofe the flations in fuch a manner as that each 
angle fhould be exa6lly 60 degrees, the half num- 
ber of triangles in the feries^ multiplied by the 
length of one fide, would, as ia the annexed 
figure^ giv€ at om>Q the total diftance ^ jiot only the fides df 
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the fcaie or ladder would be perfedly parallel, but the diagonal 
fteps, marking the progrefs from one extremity to the other^ 
would be alternately fo throughout th^ whole length. The 
firft fide is fuppofed to be found by the roeafurement of a bafe 
H9 of about half its length ; and the laftfi.de to be verified by 
fuch another bafe R at the oppofite extremity^ 

In any particular cafe, where only two angles of a triangle 
can be actually obferFed, thefe fliould be as near as poffible each 
45 degrees. At any rate their fum fhould not differ much from, 
fjo""; for the lefs the computed angle difiers from 90% the lefs 
chance there will be of any confiderable error in the inter« 
leclion» 

Ramney-Mafj/h^ from 'its levelnefs/ as well as other advan- 
tageous circumftances attending its fituatlon, which the bare 
infpeftion of the map will render obvious, feeming to me to 
afford the beft bafe of verification for the laft triangle, I have 
given the feries the fhortefl: direction from Hounflow-Heath 
to that part of Kent. The right hand ftations occupy in 
general the heights which extend acrofs the Wealds. Thofe 
•on the left are placed on the great range of chalk hills, which 
end, on our fide of the Channel^ between Folkllone and Wal- 
mer-Caftle, and re-commence on the oppofite fide between 
Cape Blancncz and Calais, 

It will be perceived, that I do not mean to make St. Paufs 
a ftation in the fuite .; becaufe in that cafe Harrow and Hamp- 
ilead muft likewife have been made ufe of, all three extremely 
inconvenient for the reception of the great inftrument. Befides^ 
Greenwich Obfervatory being hidden from the country to the 
fouth-weft by the Norwood heights, and from that to the 
fouth-eaft by ShooterVHill., after having made the detour of 
Harrow and Hampftead, and come acrofs the fmoke of the 

i^apital^ 
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Capiral, we iliould flili have been obliged to make life of th^ 
two flations of Norwood and Shooter's-iiill, without procuring 
fo good an interfeftion of Bottle- hill,- eailed in the common 
maps (I believe erroneouflj) Botley-hilJ, as is obtained bj 
means of the ftation at the Hundred-acre-houfe. But although 
Kone of the ftations of the feries a£l:uallj fall within JLondon, ne- 
verthelefs, from thofe in its vicinity, vi%. the Pagoda^ Norwoodv 
Greenwich Obfervatory, and Shooter' s-hilly we fliall equally 
have it iti' our power to determine accurately the lituations of 
Harrow, Hampfteadj and St. Paul's^ as well as many other 
chief fteeples within the limits of the Capital. 

Another principle I have endeavoured to adhere to, in tht 
difpolition. of the triangles, is this, that, after having obtained 
fides in length from iz to 18 miles, I continue them at thai 
length as much as the circumftances will permit ; for, if they 
came to be reduced confiderably below that extent, the obvious . 
advantages of a^ long bafe at the outfet would be loft^, by the: 
fubfequent contradion towards the clofe of the operation* 

The tower of Tenterden church, being a very confpicuous 
objed, may be feen every w^here from the fummit of the chalk 
hills, as far weft as the river Medway. It likewife may be feen 
from the eaftern extremity of the fecond bafe, whereby the- 
laft triangle, ^enterdeuj Lidj AUington Kmlly is propofed m 
be: verified. This knoll is itfelf a very remarkable objed^-. 
more acceffible, and in other fefpe£l:s more proper too- for the 
purpofe of a ftation than Lymne church fteeple^- which I had 
at one time thoughts of occupying. The high ground whick 
feparates Romney-marfh from the Wealds of llent, paflea 
immediately behind Ruckinge^ that is to fay^ to the norths 
weftward of it, and may therefore probably prevent the tog; of 
the chalk hills from being imn from the weft end of the bafe 
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- -of Fenficatioii; 'bii£ 'if 'Tatterkes-Bam^^ or any other point 'om- 
;tlie/Taoge.iiear il% can -be ''feeii from RiickingCj then \ the "fta- 
,tion on the. knoll J as- well as that at Lymne/will become 
equallj uniieceflarj., and the triangie- of verification will be- 
come -fW^ri^'H^ Lid^ Tatierkes. 

■ It- ¥/ill be perceived, .that I propofe to have a ftation on: 
^airilgh( Head^ a land of confiderable height^ from whence 
' there is a good view of the coaft of France near Boulogne* 
From this point and Tatterlees^ with the help of the Indian 
lights, I have no do-nbt of obtaining a fine interfeQion of the 
fignal of the Boukmhrg^ a hill of fome note behind the town 
of Boulogne, and one of the llations made nfe of by the 
French Academicians in the execution of their triangles. The 
advantages of obtaining a triangle of this magnitude, whofe 
iides are refpeftively in length about 45^ 36^ and 25 miles^ are 
€00 obvious to require any comment. 

The high chalk clllFs near Folkllone prevent Dover Cqflk 
from being hcvi from Lid, or any where in the plain of 
Romney-marfh. Hence it will become neceffary to form two 
foiall triangles to the northward of TatterleeSj in order to 
obtain an interfedion of one of the turrets of the keep of that 
caftle. Of the center of the keep, it will be perceived^ by the 
itrong dotted lines, that the French Academicians have pro- 
cured, from their ftations at Calais^ Bkncnez^ and Auding'- 
hen^ an acute interfe£!:Ion (de la Grojfe Tour de Douvr^sJ 
making in the whole an angle of 28'' 16'' 20^^, 

The points which are obvioufly the beft for conneding ouif 
triangles with thofe of our neighbours, are the Boulemberg, 
Blancnez, and Calais, provided we could by any means obtain 

* Tatterlees Barn^ 111 Packers Map of Ball Ke^tj on the fiimmit of the 
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as good an interfeftion of the laft as we are certain of getting of 
the two firft ; but the breadth of the ran^e of chalk hilis 
being little different on our fide from what it is on theirs, 
by confining ourfelves to iuch a bale as they will afford us, we 
cannot any way obtain an interfeded angle at Calais greater 
than about Z(f or 30''. 

Thinking that poffibly from St. Peter's church in the ifle of 
Thanetthe tower of l>iotre Id ante at Calais may be feen, I have 
extended dotted triangles into that part of Kent; becaufe, if 
the united heights fliould not be fufficient to raife the top of 
the tower above the curvature of the fea, which is the only 
thing to be doubted, we are always certain, that the iignal of 
Blancnez may, by means of the Indian lights, be eaiily feen, 
lince the whole range of chalk hills behind Cakis are dll^ 
covered with the naked eye from the i(le of Thanet^ when the 
weather is tolerably clear. 

Having in this manner afcettained the relative fituations, 
with regard to the coaft of England, of three points on th'O 
toaft of France, forming a triangle whofe fides and angles 
We already know from their trigonometrical operations, we 
fhall in like m.anner be enabled to determine the iituation of 
the point M near Dunkirk, where the meridian of the Royal 
Obfervatory of Paris iiiterfefls a line drawn from the great 
tower of Dunkirk to that of N. D. at Calais. (See Tab. IX*) 
The diftance MP, on the meridian of Paris, will then be had ; 
and that being added to 1 3341 7 fathoms, the diftance of M 
northward from the Royal Obfervatory, we fhall have the total 
terreftriai arc, comprehended between the parallels of the two 
Obfervatoiies, aiifwering to an arc in the heavens of 2" 38' 
26'\ or a difference of latitude between 5 [° 28' 40"' and 
48° 50' 14^'. 

Vol. LXXVIL C c In 
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In like manner the dillance from Greenwich to P, en the 
parallel of Greenwich, will then be readily computed, anfwer- 
ing to the difference of longitude between the two Obferva- 
tofies ; which, as far as can be judged from the map of Kentj^ 
Gorrefted for the error in the diredion of its meridian, amounts 
to about z° 20^ 20'''', fuppofing always that no uncertainty 
remains with regard to the pofition of the point M. But here 
fome remarks become neceffary, which may probably fuggeft 
to the Academy of Sciences^ that a further invefligation of 
this matter may be needful on their part. 

By referring to the 57th page of the firft part of M. Cas- 
siNi^s Book (La Meridienne verifiee)^ it will be feen, that Dun^. 
kirk, by one fcries of triangles,, is eaflward from the meridian 
of Paris 1426.53, and by another 1414.29 toifes, whereof the 
mean is 1 420.4 1 ,equal to 1 5 1 4 fathoms^ This difference of 6| 
fathoms, or little more than half a fecond of longitude between 
the mean and extreme places of M, is certainly very inconfi- 
derable. But in the 60th page, where^. in verifying the merir 
dian of Paris, by the comparifon of the angle that Broukzek 
makes with the meridian of Dunkirk, and the angle of conr- 
vergence of on€ meridian to the other, a difference of 21 fe?* 
conds between 10° 16^ 13^^ and 10° 16^ 34^^,. is alledged to be 
almoft infenfible, we do not think to be a conelufion fo unex?- 
ceptionable. This, however, is not the only caufe of uncer^ 
tainty with regard to the juft pofition of the point Mr one of 
more importance arifes, from the difference that is found by 
two fets of triangles in the angle of interfedion of the raerl-' 
dian of Paris, with a line drawn through M from the tower 
of Dunkirk to that of Calais* 

Thus, by p. 53. and ^61 of the firft part of M. Cassini's 
bookj Dunkirk being the ftation^ Broulezele makes an angle 

with 
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with the meridian of 10® 18^ 25^'' towards the fouth-weft : and 
the angle between Broulezele and Hondfcote being 78"^ i 1/ 42''', 
their difference 67"^ 53' ly^^ is the angle that Hondfcote is 
fouth-eaft from the meridian j wherefore the complement of this 
laft angle to iSo'', viz. 1 12'' 6^ 43''^ is the angle that Hondfcote 
makes with the meridian of Dunkirk produced northward. By 
p. 166. of the fecond part, Dunkirk being the ftation, the 
angle between Hondfcote and Mont-Caflel is fnewn to be 
^jo Y i^'^ ; that between Mont-Caflel and Watten 42'' 6^ 35''''; 
and by p, 167. that between Watten and Calais is 51'' 40^^ 20''^ 
The fum of thefe three angles is 144° 5 4^^ io'\ from which 
deducing 67^ 53^ if^ the angle that Hondfcote is fouth- 
eaftward from the meridian, there remain 77"" o'' 53^^^ for the 
angle of Calais fouth- weft ward from it ; and the complement 
of this angle to 180"^, viz. loz"" 59'' f\ becomes the angle that 
the meridian of Dunkirk produced northward makes with a line 
drawn through M to Calais : to which laft adding the angle of 
convergence of one meridian to the other \^ 50^''|,correfponding 
to thediftance of 151 4 fathoms, equal to i^ 29^^! of a great cir- 
cle, we ftiall have 103° o^ ^f'l for the angle which the meridian 
of Paris produced northward from M mates with the line 
joining Dunkirk and Calai?. 

Again, by p. 63. of the third part of Mp Cassini's book, 
Dunkirk being the ftation, the angle that Gravelines makes with 
the meridian fouth-weftward is 72® 1 1^ 48'^ ; and by p. 12. 
of the faid third part^ the angle between Watten and N. £>. 
Calais is 51/' 39^ 50^^ i alfo that between Gravelines and Calais 
is 56'' 42^ o^^* Now the difference between thefe two laft 
4^ 47' ^o'' being added to 72'' 11^ 48'^ we ftiall have 76^ 59' 
38'^ and its complement 103'' o^ 22^^ for the angles that the 
meridian of Dunkirk makes with the line drawn from thence 
through the point M to Calais 1 to which laft angle adding 
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the formef convergence 1^ 50^^15 we have 103° z^ l^^^i for 
the angle that the meridian of Paris produced northward from 
M makes with the faid line; but by the former fet of angles 

it was found to be only 103"^ o^ sY^^^ wherefore the difference 

*■ / / / 

.18 I 15 . 

From M. Cassini's book it appears, that Dunkirk is north 
from Paris 1 255 1 ^..z^ toifes, which make 1 33768 fathoms ; and 
the point M being fouth from the tower of Dunkirk 35 1 fathoms,, 
there remains for the diftance of M northward from the Royal 
Obfervatory 1 3341 7 fathoms. Now, with this diftance as^ 
radius, the value of an angle of i^ 1^^ is 48I fathoms^ equal 
to 4''^34^'''' of , longitude. Thus the point M, inftead of being 
weflward from Dunkirk 1514 fathoms^ will, by the laft fet of 
angles, only be removed from it 1465I fathoms : wherefore 
the difference between the mean and extreme places of M, in. 
this way of confidering it, will amount to 24 J fathoms, about 
four times as much as that refialting from the comparifbn flatedi 
in the 57 tk page, in the parallel of Greenwich the extreme 
difference will amount to 58,4 fathoms, or about 5I feconds of 
longitude, not much more than one-third part of a fecond of 
time. 

In this fort of uncertainty, with regard to the precife point 
of int@rfe£tion of the meridian of the Royal Obfervatory of 
Paris with the line joining Dunkirk and Calais, the onlj 
thing that can be done on our part, is to confider the mean 
pofition of M as juft, that is to faj., to fuppofe it to be 15 14 
fathoms weftward from the great tower of Dunkirk, and 
having con neded it with the Britifli triangles, to fliew then 
what angle its meridian will make with the line drawn from 
Dunkirk to Calais^ 

CompartfoM 
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Companfm of the celejiial arc of the meridian^ comprehended 
between the parallels ^Greenwich and Perpignan, with the 
cor refponding portions^ meafured and Computed^ of the terrefirlal 
arc of the f aid meridian ^ between M and Perpignan. 

1\\ the Goniideration of this matter it is to be obferF^d, that 
M. Cassini has divided the celeftial arc between the parallel 
of Dunkirk, or^, which is the flmie thing, between the parallel 
of M and Perpignan, into four principal fe6tions ; w%. that 
from M to Paris, from Paris to Bourges, from Bourges to 
Rodes, and from Rodes to Perpignan; afligning to each feftioi^ 
themeafured portion of the correfponding terreftrial arc^ refult- 
log from the triandes of the meridian. 

By pages I lO, 1 1 1, 1 12, of the lirft part of the booM it appears^, 
from the mean obferved zenith diflances of four ftars, that the arc 
of the heavens, between the parallels of Dunkirk and. Perpignan, ^ ^ ^^ ^^^ 
contains — «* — -' -^ 8 20 2 2v' 

And from the mean of the obfervatlons of a like number of ilars, 
the parallel of Rodes is diftant from that of Dunkirk, <- 6 SO 51 14. 

Wherefore Rodes is north from Perpignan *- i 39 11 12 

Bourges, by the mean zenith diflances of two ftars, is fouth from 
Bunkirk, ^ -- - ^ « 3 56 59 55 

B iililli i mwi w I ■ WIT ) ■■ mai M II IB iiw m i » ■ i ^^^ ^m I a -- • 

Wherefore Bourges is north from Perpignan, - 4 23 2 31 

And by another mean, inp. ii2.it is ^ ^ 4 23 2 35; 
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The mean of which two means gives for the diftance of their 
parallels,.. - '-^ ^ ^ •*-- 4 23 2 33, 



Jerpignaii 



KjS 



Gen. Roy's Account of a 



© 



// /// 



Farpignan is foutb from the Royal Obfervatery at Paris, by the 

aiean zenith diilances of four flars, — - 6 8 1 1 5a 

Hence Paris is foiith from Dunkirk -- -^ 2 n cO 34 

Rodes. is. foiith from Paris, by the mean zenith dlilaiices o^f two 

flars ■- _ ^ ^ ._ 4 28 59 45 

Hence Perpignan is fouth from Rode% — — I 39 I2 7 

And by a former refult it was found to be, ^ ^ I 39 li 12 

Hence the mean of the two means gives, for the diflance of the 

parallels of Rodes and Perpignan, - «- - i 3.9 1 1 28 



The tower of the great chtirch at Dunkirk is northward from 
what was the flation of the fe6i:or 841 toifes, equal to 89,8 fathoms, 
which correfpond to an arc in the heavens of — o 051 

Wherefore the tower is north from Paris, — -. "^ "^^ SS SS 

But the point M is fouth from the tower 351 fathoms, which 
anfwer to an arc in the heavens of — — - O o 20 45 

Hence the point M is northward from the Royal Obfervatory at 
Paris, « - - «... 211 35 8 



NoWj from thefe data^ together with the latitude of the 
Royal Obfervatory at Greenwich 51'' 28^ 40''^, and that of 
Paris 48'' 50^ i^^% we fliall have the latitudes of the feverai 
flations between Greenwich and Perpignan, with their dif- 
ferences, or the celeffial arcs comprehended between them, as 
underneath. 



Stations* 

Greenwich Royal Obfervatory, 
Point M near Dunkirk, 
Paris Royal Obfervatoryj 
Bourges, « 

Rodes »-^ 

^Perpignan (St* Jaumes) 



Latitudes. Diff. or celeflial arcs. 



J* l/i 



Btai 



51 28 40 

SI I 49 
48 so 14 

47 5 4 41 
44 21 13 36 
42 42 2 8 



v/ /// 



26 50 52 

2 II 35 8 

1 45 9 19 

^ 43 SI S 
I 39 II 28 



This latitude of Perpignan 42"" 42^ z^^ B^^^ is what refults 
fiom the immediate comparifon of the lengths of the celeftial 
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ifrcs, as determmed by the zenith diftances of flarSj taken 
with a fe£tor of fix feet radius, and where the obfervations are 
fo nearly cotififtent among themfeives, as to leave little doubt 
t)f their accuracy ; but m the appth page of M. Cassini's 
book, fo often, quoted, as well as in the 170th page of his 
DcfcriptJon Geographique. de la France ^ publiflHed in 1783, the 
latitude of Perpignan is given 42"^ 41^ 55^'', which is 7'^ %^^'^ 
lefs than that deduced from the obfervatlons, without any rea^ 
{on that I can perceive being affigned for the reduction, 

Perpignan, the fauthernmofi: flation of the meridian line 
extending, from Dunkirk througfr the whole kingdom of 
France,, is fituated at no great diflfance from the bottom of the 
Pyrenean mountains, where that, lofty range ends at the Medi-^ 
terranean fea/ M. de la Caille was of opinion, that the 
plummet of the fedor muft have been affeded by the attradioii 
which it would fufFer from^ that caufe; a fuppofition which, 
neverthelefs, has been doubted, fince the obfervations made ia 
this country ons the attradion of SchebalHon: for by thefe it 
appeared,, that the efFed, although fenfible, was but fmall, 
even when the fedor was placed as near as poffible to the oppo-~ 
lite fides of the mountain. It is indeed true, that the CanigoUy. 
the higheft of the Pyrenean range, being fituated obliquely to 
the meridian, and at a confiderable diftance from Perpignan, 
would not probably occafion much deviation in the plummet ; 
yet, on the other hand, when we compare the very trifling 
quantity of matter in Schehallion with the immenfity of the 
luafs in the Pyrenees, in the diredion of the meridian, I can- 
not help being of M. de la Caille's opinion, that the plum- 
met of the fedor would be fenfibly afFeded, that is to fay^, it 
would be drawn to the fouthward out of its perpendicular 
diredion, and. would thereby give the zenith diftance of the 

pole. 



pole^ Of ^tiy other northern ftar^ too little^ and confequently a 
latitude too great. Until triangles fhall have been extended 
beyond the Pyrenees^ and the fedor placed on the fouth llde of 
the range, the quantity of this attraction (by its double or 
coynter^effed) cannot poffibly be afcertained. I ^viil^ however^ 
only fuppofe it to have been lo''^ 8^^'' to be deduced from, the 
latitude of Perpignan/ which will then become 4.%^ 41^ 52''^^ 
only three feconds lefs than that affigned to it in M. Cassini' s 
two books before mentioned. Thus the arc between Rodes 
and Perpignan will be i"^ 39^ 2V^ 3^^^^ 9 ^^^d the total celeftial 
arc between Greenwich and Perpignan will be 8^46''48''^5 as 
may be feen by attending to the four columns towards the left* 
hand of the annexed table of cdmparifbn* 

With fegard to the correfponding terreftrial arc, undef 
which head are arranged the eleven columns towards the right- 
hand of the table, it is to be obferved, that various nieafure- 
ments have at different times been made in different latitudes of 
the lengths of the degrees of the meridian, for the purpofe of 
obtaining, within certain limits at leaft^ the true figure and 
dimenfions of the earth. The liiof!: eflential operations of this 
fort, as having been executed with moft care, with the beft 
inftruments, and at the greatefl: diftances from each other^ 
have all been done within thefe laft forty or fifty years ; namely^ 
in Peru under the equator, in middle latitudes in France and 
Italy, and in Lapland near the polar circle^ The attraction of 
mountains, and unavoidable errors in the execution, will ever 
prevent jull: conclufions from being drawn from the comparifon 
of meafurementsanade too near each other. Thefe la ft will 
always be found to differ more or lefs among themfelveSi 
Sometimes even the refults may become abfurd or contradictory^ 
In cafes of this fort, a mean of feveral ftiouM no doubt be 
^ taicen 
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taken for a mean latitude, unlefs there fhould be fufficient 
grounds for rejeding any from the number, as differing too 
much from the others. Hence it is, that phiiofophers are not 
yet agreed in opinion with regard to the figure of the earth ; 
fome contending, that it has no regular figure, that is to fiiy, 
not fuch as would be generated by the revolution of a curve 
around its axis. Others have fuppofed it to be an ellipfoid % 
regular, if both polar fides fliould have the fame degree of 
flatnefs ; but irregular, if one lliould be flatter than the other* 
And, laftly, fome fuppofe it to be a fpheroid differing from the 
ellipfoid, but frich as would be formed, neverthelefs, by the 
revolution of a curve around its axis; although in this cafe 
too one polar fide may not be fimilar to, but more or lefs oblate 
than the other. 

In order, therefore, to put this matter in Its true light, and 
to enable every one to judge, by fimple infpeftion only^ which 
of the theories ag;rees beft with a6lual meafurement, I have 
computed on ten different hypothefes^ and arranged in their 
order, the lengths of the arc between Greenwich and Ferpig- 
nan ; as alfo fome other chief properties of each figure, which 
laft fill up the fpace towards the bottom of the table. This 
mode of collefling the refults feemed to me to be the raofl 
diilin£l that could be followed, to avoid that perplexity which 
muft for ever occur in referring back to, and comparing, many 
numbers together, computed on different fy ftems, when the 
w^hole are not placed before the eye at once* 

The firft of the eleven columns, or that which comes next 
to the celeftial arc, contains the meafured portions of the cor« 
refponding terreftrial arc, as far as they have yet been exe- 
cuted. The blanks at top cannot be fupplied, until we fhall 
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liave determined the length MP^ In the map, being the fpace 
comprehended between the parallels of M and Greenwich, 

In the fecond column are arranged the computed dlmenfions 
appertaining to the€arth as a fphere, fuppofing its femi- diameter 
to be a mean between the longeft and fhorteftof M. Bouguer's 
fecond fpheroid. It is from the magnitude of this fphere that 
I compute the degrees of a great circle for the fides of fpherical 
triangles. By adverting to the errors or differences between the 
meafurement and computation, in their refpedive places, it 
will obvioufly appear that the earth differs very confiderably 
from a fphere : for although the arc M Perpignan of 8''| only 
exceeds the truth by 609 fathoms ; yet an arc of equal length 
>at the equator, vk. S"".^^ x ^^4^*6^ would give an excefs of 
3120 fathoms ; and at the polar circle ^"^^^ x ^35*^ would give 
a defed of 2792 fathoms. 

After the fphere follow feven ellipfoids of different degrees 
of oblatenefs, from the firft, whofe femi-diameters have to 
each other the ratio of 179,047 to 178.047, to the feventh,. 
where it is only that of 540 to 539. On the principles which 
have ferved as the foundation of the firft and fecond, it will be 
neceffary to make fome remarks ; but as to the others, a few 
words will fuffice for each* 

With regard to the firft ellipfoid, fuppofing the earth to be 
homogeneous, it is well known, that the ratio of Its femi- 
diameters may be found, by comparing with each other the 
lengths of the pendulums that vibrate feconds in different lati'* 
tudes; which lengths are deduced from the feconds of accele?- 
ration, that the pendulum, fo adjufled, and unalterably fixed 
as to length, at the equator, would perform in 24 hours, on 
being fuccefiively tranfported to different latitudes,, as far as. 
the pole, where the force of gravity being the greateft, 
the acceleration would like wife be the greateft* Thecalcu^ 
a ktlanS' 
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latioiis for this purpofe were firft made foon after * Lord Mul- 
heave's return from his Voyage towards the North Pole in 

1773. 

*^* The moft northern experiments hitherto made with the pendulum, are 
thofe at vSpitzbergen, in latitude 79** 50', whereof an account has been given in 
the Voyage towards the North Pole in 1773. '^^^^ machine made ufe of on that 
occafion belonged originally to the celebrated watch*maker, Mr* Graham, and 
was lent for the' purpofe by its prefent proprietor, Mr. Cumming, who has fince 
obh'gingly permitted it to remain for feveral years, at two different times, in mj 
poffelEon, where it now is. Soon after the return from Spitzbergen, I afcertainecl 
its rate of going by my obfervatory clock, for a great while together, in very 
different temperatures i and thereby found, that the variation from heat and 
cold, namely, ^i-ths of a fecond for each degree of Fahrenheit, was confi- 
derably more than had been allowed for it, in determining the acceleration fx'om 
London to Spitzbergen. About this time likewife, Dr Horsley difcovered that 
an error had been committed by the aftronomer (the late, Mr. Israel Lyons) 
employed by the Board of Longitude on that Voyage, in calculating the fphericat 
triangle for the corredion of the time between the 1 6th and 17th of July, oa 
account of the obliquity of the tranfit-inflrument. From Dr. Hors ley's printed 
letter on this fubjecl in 1774, it appears, that the difference from that caufe 
amounted to 37 feconds in time, as given by the obfervation with the inilrument 
and by the watch. And fince there was reafon to fufped, that the telefcope had 
by accident been moyed (one could not tell how much), it v/as judged fafefl to 
adhere to the acceleration 71^^08 as given by the watch* The corredion for the 
greater contradion of thefleelrod, I found to be 2'^58 to be fiibtra£led, where* 
fore the acceleration from London to Spitzbergen became 68'^55 and that front 
the equator to London being I56"j the total acceleration from the equator to 
Spitzbergen confequently was 224^^5. Now, fuppofmg the length of the pen- 
dulum at the equator to be, as M. Bouguer made it, juft 38,9949 inches, we 
fliall have its length at Spitzbergen 39,1978 inches; and thence the ratio of the 
femi-diameters of the earth, confidered as an homogeneous ellipfoid, will be that 
of 193. 1 to 192. 1, inilead of 183*7 to 182.7, which the acceleration 72/^7 
uncorreded woiild have given* And here it feems neceffary to mention fome 
other millakes of computation, inadvertently fallen into by the aftronomer, in 
deducing the ratios of the femi-diameters of the earth, as ftated in the 179111 
page of the Voyage to the North Pole, not hitherto noticed that I know of« 
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1773. I am aware that experiments with the pendulum ha¥6 
not yet been made with that accuracy that the delicacy of their 

nature 

With the accelerations, indicated in that page as ariUng from different experi- 
ments, or depending on the fyllems of different philofopliers, the length of the 
Spitzbergen pendnlnm, and confeqiiently the ratios, iliould have Hood as in the 
annexed table, with which it will be perceived they differ very confiderably^ Sif 
Isaac Newton's ratio is placed lall:, as probably differing moll from the truth. 
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In this manner the lengths of the pendulum having been found for all the 
latitudes where the beft or moft confident experiments had been made on its 
acceleration, and thefe lengths having been fucceffively compared with each other 
from Spitzbergen to the equator, 119 refults in the whole were produced. But as 
this number comprehended the comparifons of thofe at the Cape of Good Hope and 
the Ille of France, both in footh latitude, thefe being thrown out, as well as the 
Porto Bello pendulum, and fome few others more irregular than the reft, there 
remained at laft 75 refults, the arithmetical mean of which gave the ratio 
179.047 to 178.047, as mentioned in the text^ 

In cafe Mr, Cvmming's machine fhould at any time hereafter be employed in 
the fame fort of experiments, it may be proper to obferve, that the *diameter of 
the brafs ball is 3.906 inches, and its w^eight 63726 Troy grains. The weight 
of its bulk of merciH'y is 106980 Troy grains. Hence the weight of mercury 
is to the weight of this ball of brafs, in air of the heat of 62® of Fahrenheit, 
as 1.678752 to 1 1 and the weight of this brafs to air is as 7673 to i* The 
experiments for this purpofe, in which Dr. George Fordyce affiffed, were 
made in the houfe of Mr. Alchorne, at his Majefty's Mint in the Tower, on 

the 
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nature feems to require, and which at fome future period 
fhouldj and probably will, be undertaken on a more extended 
plan, with the very beft machines that can be conftrufted for 
the purpofe. Many ages may elapfe before raeafurements of 
any confiderable portion of the furface of the earth can be 
made in very high fouthern latitudes, fo as to determine, with 
any tolerable degree of exa£l:nefs^ whether the fouthern femi- 
ipheroid be iimilar to the northern, fuppoiing both to be figures 
of revolution. But by good experiments with the pendulum 
alone, eafily repeated in all latitudes, the ratio of the femi- 
diameter of the equator to the femi-axis on both fides may bc: 
f eadlly obtained* In the mean time I thought it might be ufe- 
ful to ihew the refult of a comparifon of the moft confiftent ex-- 
periments of that fort, that have hitherto been made indifferent 
latitudes, after having applied to thofe at Spitsbergen certain^ 
corrections, which feemed necefiary, as further explained in. 
the note. Thus it appears, that the arithmetical mean of 75 
comparifon s between Spitsbergen and the equator gives the^ 

the 8th of April and 6th; of JunCj 1776; and the beana made ufe ofj, with; 
I5 lbs. weight in each fcale, was true to three grains. 

The machine, in its prefent ilate, although better fitted for experiments than. 
it was originally^-, fmce it has a wheel added, whereby it regiflers -its own time,, 
and now goes for 12 hours without winding up, is no longer the fame that per- 
formed at Spitzbergen : for in the interim of the two times it has been in my 
polleffion, the fleel rod having by accident been broken, Mr. Gumming fubili* 
tuted another^ as like to the former as poffible with regard to fxze,, but which: 
will, in all probability, be fufceptible of a different expanfion and contradiont 
from the effects of heat and cold. In the application of the machine, I have: 
ufually loaded the top of it with about 24 lbs, weight of lead,, in order to render 
the center of fufpenfion as little liable to motion as poffible i yet, notwithftanding: 
this precaution, a pointed plummet, fufpended to the top of the frame, has zx 
ftiiall degree of counter-vibration to that of the bali^- which no doubt muft pn?*- 
diiee f©me efed. 
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ratio of the femi-diameters formerly mentioned i'jg,04^f to 
178.047. On this hypothefis the arc MP ftiould contain 
27350 fathoms. The error on the total arc M Perpignaa 
amounts to 2078 fathoms. M. Bouguer's degree at the equa- 
tor behig adhered to, the 45th of latitude will exceed the truth 
2165 and that at the equator 148 fathoms. 

The ratio of the femi-diameters of the fecond ellipfqidj, 
which comes now to be fpoken of, has been obtained by the 
comparifon of fuch meafured lengths of the degrees of the 
meridian in different latitudes, as have been found to be moft 
conliftent with each other. Our countryman, Mr. Norwood^ 
was the firft, of late times, who made any attempt of this 
fort. But the meafurement, executed by him in the year 
3633, between London and York, has no pretence to exaft- 
nefs, fince hejiimfelf tells us, that when he did not meajure^ he 
pacedl Belides, his degree is as great, or even greater, than 
that in Lapland ; and thefe are furely fufficient reafons for 
rejecting it from the comparifon. The degree rneafured by M. 
LiESGANiG in latitude 45"" k^']\ in that part of Poland lately 
fallen to the fhare of the Emperor and annexed to Hungary, 
being fo much ihorter than degrees to the fouthward of it, 
gives grounds to fufpeO*, that fome error had crept into that 
operation, or that the plummet had been afFeded by the attrac« 
tion of neighbouring mountains, and therefore is not made 
ufe of on the prefent occalion. M« de la Caille's degree at 
the Cape of Good Flope, being in fouth latitude, and fo much 
greater than thofe of the fame height in northern latitudes, 
is improper likewife to be brought into the comparifon^ 
left the difference may have arifen from a diffimilarity in the 
two polar fides of the ellipfoid. The degree meafured in the 
north of France, compared with that in Auftria, coming out 

abfurd. 
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ab&rd, it has been judged beft to take a mean between them 
for a mean latitude. In like manner the latitudes of the two 
Italian degrees differing but little from each otherj, a mean 
length has been taken between them for a mean latitude* Ac- 
cordingly the latitudes and the meafured lengths of the degrees 
which, in the fecond ellipfoid, have been compared together^ 
will appear as underneath : 

Obfervers names. Countries, Latitudes* Meafured lengths. 

BouGtJEs:, Peru, ^ ^ o o - 60484,5 

Mason and Dixon, Maryland, - 39 I2 - 60628.5 

BoscowicH, Italy,, ~ ^^^ o'")^ J 60725.5 1^^^^ 

Beccaria, Piedmont ~ 44 44 J \6o%2i,2j 

Cassini, &c. Middle of France, «- 45 O ■-. 60777,6 

LiESGANiG, Aullria, ^ "^^^^Lg 3/60839.41 ^^g 

Cassini, &c. North of France, - 49 r^jj \6o826,6j 

Maijbertuis, &c, Lapland, - 66. 20 - 61194.3, 

Now thefe fix degrees, being fucccffivelj compared with 
each other, fifteen refults are thereby obtained, whereof the 
arithmetical mean gives for the ratio of the femi- diameters of 
theeHipfoid that of 192.483 to 191.483. By adverting to the 
table, it will further appear, that the arc MP fliould be in 
length 27331 fathoms. The arc M Perpignan exceeds the- 
truth 1758, the 45th of latitude i8q, and that at the polar 
circle near 88 fathoms. 

The ratio of the femi-diameters of the third ellipfoid 21 6.06 
to 215.06 is obtained by adhering to the meafured lengths of 
the degrees at the equator and polar circle. According to this 
hypothefis the arc MP fhould contain 27301 fathoms. The 
arc M Perpignan exceeds the truth 1288, and that at the 45th 
ef latitude more than 128 fathoms*. 
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The ratio of the feml-dlameters of the fourth ellipfoM 222,55 
to 221.55 ^^ ^^^ fame, as may be feeti by referring to the taokj 
with that affigned by M« Bouguer to his firft fpheroid, where 
the increments to the degrees of the meridian above that at 
the equator are as the fecond power or fqiiares of the fines 
of the latitudes. It was intended chieiy to fliew how fniali 
the difference is between the noiaEnitiides and nature of the 
curves of the two figures* The arc MP flioiild contain 27294 
fathoms* The arc M Perpignan errs in excels 1177 fathoms. 
The 45th degree exceeds the truth ii6 fathoms; and that at 
the polar circle fails ihort of the meafured length 21 fathoms: 
M, Bouguer's degree at the equator being adhered to as the 
ftandard. 

The ratio of the femi-diameters of the fifth eiiipfoid, 230 
to 229, is that afi^gned to the earth by Sir Isaac Newton. 
On this hypothefis the arc MP Ihould contain 27241 fathoms. 
The arc M Perpignan only exceeds the truth 202 fathoms^ 
becaufe the 45th degree of the meridian is here adhered to as 
the ftandard length. But then the degree at the equator falls 
fhort of the meafurement 102 fathoms, and that at the polar 
circle 146!; wherefore, an arc of 8^f, in the firft cafe, would 
be defective 850, and in the laft 1220 fathoms. 

The ratio of the femi-diameters of the fixth ellipfoidj 310^3 
to 309.3, is obtained by adhering to the meafured lengths of 
the degrees at the equator and 45th of latitude. The arc 
MP fhould contain 27230 fathoms. The arc M Perpignan 
only exceeds the truth 131 fathoms ; but on this hypothefis^ 
the degree at the polar circle would be defeftive near 217 fa- 
thoms, and confequently on ^l the error would be 1807 
fathoms. 

7 The 
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Tliefeventh or laft ellipfoid, beingthatof the ieaft flattening^ 
has for the ratio of its femi^diameters 540 to ^'i()^ The arc MP 
fhould contam 27206 fathoms. The 45th degree of latitude 
being adhered to as the llandard^ the arc M Perpignan would 
only exceed the truth by 46 fathoms; but, on the other hand^ 
the degree at the equator erring in excefs 124I fathoms, and 
that at the polar circle being defedtive near 303 % therefore^ in 
the fir{l cafe, the error on 8^|- would be 1037, and in the laft 
2524 fathoms. Hence it is obvious, that the arcs of an eliip- 
foid, however great or fmall the degree of its oblatenefs may 
be, will not any way correfpond with the meafured portions of 
the furface of the earth : for if we retain the length of M. 
Bouguer's degree at the equator as the ftandard, and make the 
ellipfoid extremely flat, as in N"" i. the figure will become too 
prominent m middle latitudes, that is to fay, the curve will 
rife above the real furface of the earth, and, in proportion to 
the excefs of the radius, will always give degrees that exceed 
the meafured length. On the contrary, if we give the ellip- 
foid a fmall degree of flatnefs, as ia N*" 7. and adopt the mea- 
fured length of the 45th degree as the ftandard, the meafured 
and computed arcs will nearly agree in middle latitudes ; but at 
the equator the curve will rife very confiderably above the fur- 
face, and will thereby give degrees that are too great ; while at 
the polar circle it will fall below it, and give degrees that are 
too little in the proportion of about 2i to i compared with 
the error at the equator. From all which we may conclude, 
that the earth is not an ellipfoid. 

The two columns towards the right-hand of the table, 
contain the arcs of two fpheroids differing from the ellipfoid. 
The firfl is that adopted by M. Bouguer as his firft hypo- 
thefis, where the increments to the degrees of the meridiaa 
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above that at the equator follow the ratio of the fecond power 
or fquares of the fines of the latitudes, and to which he has 
fluted his firft table of degrees, N^ 32. p, 298. This fpheroid 
differs but iafenfibly, as has been already mentioned, from the 
fourth ellipfoid. They have both the fame femi^diameters ; 
but the arcs of the fpheroid being fomewhat longer than thofe 
of the ellipfoid, the former thereby becomes, in a trifling 
degree, more prominent in middle latitudes. On this hypo- 
thefis the arc MP fhould be in length 2729^ fathoms; M Per- 
pignan exceeds the meafurement J196 fathoms; and the de- 
gree at the equator being adhered to as the ftandard, the 45tk 
errs in excefs 118, while that at the polar circle is defective 
only 20 fathoms. 

The fecond fpheroid is that whereon M, Bouguer founded 
his fecond hypotheiis, which fuppofes the increments to the 
degrees of the meridian, above that at the equator, to follow 
the ratio of the fourth power or fquared fquares of the fines of 
the latitudes, and to which he has adapted his fecond table of 
degrees W 38, p. 305. It will be perceived, that the ratio of 
the feml- diameters of this fpheroid, t)/^. 1-9.4 to 178.4 differs 
little from that appertaining to the firfl ellipfoid ; but here the 
curve falling confiderably within, that is to fay, being lefs pro- 
minent than the ellipfoid in middle latitudes, the arcs are 
thereby contraded in fuch a manner as to agree within 5 fa- 
thoms with the meafured length of the meridian of France, in 
an extent of about S""!, comprehended between M near Dun* 
kirk, and Perpignan fituated at the bottom of the Pyrenean 
mountains. By infpeftion of the table it will further appear^ 
|hat the errors in the feveral fedions of this arc are not only 
fmall, but they are fometimes plus and fometimes minus^ a 
Bevex failing proof that^ as far m our prefent data will enable 

TO-: 
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us to judge, the figure here affigaed to the earth, notwithftand- 
ing what has been alledged to the ^ contrary, is exceedingly near 
the truth. According to this hypothefis, the diftance MP on the 
meridian of Paris, which is yet to be determuied by our trigono- 
metrical operations, fhouki contain 27243 fathoms, being only 3 5 
fathoms lefs than what is given by the mean of the feven different 
elllpfoids^ a {pace not amounting; quite to z^^ of latitude* The re-* 
fultof the meafurementof this fpace, anfweringto an arc in the 
heavens of 26'' 50''' 52''^'' of latitude, will be a further confir* 
mation, or otherwife, of the juftnefs of the theory. The 
degree at the equator being adhered to as the ftandard, it will 
be feen from the table, that the 45th is defedive 37.6, while 
that at the polar circle errs in excefs 9.4 fathoms. 

^ Mr. J. Klostermann, Infpeftor of the Corps of Pages at St. Feterfourg, 
in his manufcript Memoir, fome time fince tranfmitted to the Royal Society, ta 
the Academy of Sciences at Paris, and alfo to that at Gottingen, has endea- 
voured to fliew, that the French trigonometrical operations are extremely erro«. 
neous. It would feem, never thelefs, that he has attempted to prove too much« 
He Jhould certainly have confined his criticifm to the triangles of the meridian 
only, which are diilingiiiflied from the others in M. Cassiki's book, by being 
printed in larger characters, without drawing conclufions from very acute angles^ 
which, although inferted in the general regliler, were not made ufe of in the 
determination in queftion. But as the Royal Academy of Sciences will, no doubt, 
vindicate the credit of their own operations, I lliall only further remark, on th^ 
Literary News from Gottingen (Nachrkht ms den, GUtinglfchen Jnzeigen nfon. 
gekhrten Sachen, 1 17 Smk, 1785), which accompanied the faid Memoir, and 
where it is faid, *' ThatM. Bouguer's hypothefis of the 4th power fell to the 
^* ground, fo foon as other degrees were meafured than thofe on which he had 
«« founded it," that I confefs myfelf to be quite of a different opinion, not 
doubting, that when the comparifon is fairly drawn between this and every other 
fyftem that has hitherto been fubmitted to the confideration of the public, M. 
Bouguer's will be found to be juilly entitled to the preference, which I have 
here endeavoured to give it. His works Ihew, that he was a man of very fuperior 
abilities, eminent as a mathematician, and perhaps the beft practical one that 
c?er exiftcde. 

E e, 2 Befides 
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Befides thefe two fpheroids of M. Boi/guer, I had com- 
puted the arcs of another between the two, where the incre- 
inents to the degrees of the meridian were in the ratio of the- 
fradional power 3tVo ^^ ^^^^ ^^^^^^ of the latitudes. Thus the 
computed agreed accurately with the meafured dimenfions in 
three principal parts of the earth's circumference, namicly, at 
the equator, 45"" and 66'' 20^ of latitude, at the fame time that 
the arc MP contained 27257 fiithoms ; but the labour of com- 
putation being hereby greatly augmented, and the error on the 
total arc between M and Perpignan amounting to 290 fathoms 
in excefs, this fyflem did not feem to me to deferve to be put 
in competition with the limplicity of that of M. Bouguer, who 
indeed, for the fame reafon, preferred the fourth to the frac* 
tional power 3-i-lths, which he tells us was that which flill 
came nearer the truth. In ihort, it muft be from the refults 
of future operations executed in very high latitudes, and the 
meafurement of degrees of longitude on the equator, that we 
can hope to have fufficlent authority for any correftion or a 
melioration of the iyftem of M. Bouguee. 

Differences of longitude^ 

Hitherto there has been no particular reference to fome lines 
at the bottom of the table, containing the computed lengths of 
degrees of longitude on each hypothefis, in three different lati^ 
ludes, namely, the equator, 43° 32'''' and 51^28^40''^ No> 
meafurements of degrees of longitude, as far as I know, have 
ever been executed with fuiEcient care and accuracy, except 
that in the Ibuth of France, as mentioned in the 105th and 
lQ6th pages ofsM. Cassini'e booJk^ which was determined by 
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the repeated explofions of gunpowder in the open alr^ and 
found to contain 41618 toifes, equal to 44354.4 fathoms. By 
attending to the table it will be feenj that the error in excefs 
of M. BotiGUER^s theorjj on the length of this degree trigono- 
metrically meafured^ amounts only to 19 fathoms, which is 
little more than -x'-th part of a fecond of time. 

In fixed Obfervatories, where able aftronomers have been for 
many years employed in repeating their obfervations of the 
heavenly bodies, it feems furprifing, that any doubt flioald 
remain with regard to what is called the aftronomlcal dif- 
ference of longitude, or, in other words, the difference of time 
between them; yet it has been alledged, that an iincertaioty 
of this fort exifts, even with regard to the fit nation of Green- 
wich and Paris, which, reckoned by its extremes, extends to 
about 10 or 11 feconds, anfwering in the latitude of Gi^en- 
wich to the enormous difference in fpace of between 1600 and 
1700 fathoms I But it will be confidered as- ftill more won-' 
derful, if between two Bxitifli-. Obfervatories,- Greenwich and 
Oxford, which have been long fupplied with great and coftly 
inftruments of the very befl kinds, there ihould remain aii^ 
"uncertainty in this refpeft of z or 3 feconds of time : for in 
the latitude of Greenwich 3 feconds correfpond to 477, and in 
that of Oxford to 474I fathoms. Thefe, however, are points 
which muft be left to the refpe^live aftronomers to fettle in the 
heft way they can ; and it is not to be doubted, that the Aftrono- 
mer Royal will throw a new and very fatisfa6:ory light on the 
matter, in the Paper which he propofes about this time to lay 
before the Royal Society 5, along with M- Cassini's Memoir^./ 
which, for that purpofe^ has now been nearly two years in his-- 
f ofleiEoii* 
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With regard to the trigonometrical operation (which may 
be confidered as infalHble, becaufe, by means of the bafe of 
verification, it will prove itfelf, and if fmall errors unavoidably 
arife in the courfe of a long fuite of triangles the maximum 
of thefe may be always afcertained), I have no doubt that the 
diftance between Greenwich and the point P in the map 
may thereby be determined to a very fmall number of fathoms^ 
perhaps to fifteen or fixteen on a diiTerence of longitude of 
about 2^ 30^ %o^\ and therefore to about -'^th part of a fecond 
of time on each degree. This, for any ufeful purpofe^ will 
certainly be admitted to be fufficiently near the truth, and is 
probably confiderably nearer than it will be brought for many 
years to come, by a mean of the beft obfervations of the hea- 
venly bodies, if thefe ihould be found in the prefent flate of 
the matter to leave it yet doubtful to two or three feconds. 

The aftronomical difference of time may likewife be ob* 
tained by experiments on the Inftantaneous explofion of light; 
but thefe I would propofe to be made fubfequently to the trigo- 
iiometrical operations. The ftation of Matter lees ^ towards the 
eaftern extremity of our range of chalk hills, or fome point 
near it, would feem to be the moft proper for the place of ex» 
piofion, becaufe it can be feen from Boltk-Mli^ on the fame 
range, and nearly in the meridian of Greenwich Obfervatory. 
It is not to be doubted, that Tatierkes may be feen from Fknne 
Windmill^ or even perhaps from that of the Brunemkrg ; fince 
they are both fituatlons, on the continuation of the fame range 
in France, the dlftance being fhorter too, and little land, but 
chiefly fea, intervening. Let us then fuppofe, that the two 
aftronomers with their clocks and tranfit-iiiftruments gre pofted^ 
one at Boitk-Mll^ and the other at the Brunemberg^ while gun« 
powder is repeatedly exploded at Tafterkes^ or while the Indian 

lights 
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lights are alternately exbiblted, and again covered by anextin- 
guijdier prepared for the purpofe, which operation may be 
repeated feveral times the fame evening ; it is certain, that a 
juft mean being taken between the inftants fo marked by the 
refpedive clocks, well regulated before-hand, the diiFerence of 
time between the two extreme ftations will thereby be ob% 
tained to a very confiderable degree of accuracy, and probably 
more to be relied upon than that refulting from the comparlfon 
of the obfervations of the heavenly bodies. 

Rockets have been propofed by fome to be applied in this 
way ; but even the largeft fort, carrying up too fmall a body 
of white light, could, I think, only be depended upon for 
fhort diftances ; and lince the adtual error of obfervation wouM 
be the fame on a fhort as on a long diftance^ remote ftations 
only ihould be chofen for conclulive experiments of this na- 
ture. It is imagined, that by means of a balloon, a fet of 
light-balls might be fent up of fucb a volume as to be feeri^ 
from their great elevation in the air, at ftations very remote 
from the place of exploiion. The balloon would afcend with 
a burning fuze attached to the firft ball, and having attained 
the wi(hed-for height, it might be made faft below, by 
means of a cord £xed to it for the pxirpofe ^. The firft ball, on 
its explofion, would communicate fire to the fecond, and fo ia 
facceffion, at intervals of time proportionable to the lengths of 

* It Is to be underliiood, that the pra^licability of faftening the balloon 
to the earth by means of a rope miift be previoiiily afcertained s for if tbatfhouicl 
be found impoffibtej without the wind forcing it down agam to the ground^ then it 
snuft be fent npdetached with burning fuzes fixed to it, of fiill greater dimenfionsv 
ly means of thefe it is imagined, that the track of the balloon in the airmightibe 
pointed out to the remote obfervers, who might perhaps be better enabled 
thereby to watch for and diftingiiiib the foccelEfe inftants of the burfting of the 
-wMteJigto*- 
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the fuzes. Thus 8 or lo iiiftants toight be marked from the 
experiment of a liiigle balloon, which might then be^ haiiled 
down to be reloaded for a repetition. But whatever might be the 
mode adopted as the befl: for.€ondu£ling experiments of 'this 
nature^ the obfervers muft^not only 'be very attentive and dili- 
-gent, but alfo quick-lighted, have their clocks nicely -regulated 
indeed^ and the trials 'mufl: be many times' repeated before- the 
uncertainty, even in this way, which feems to -be the-^beft 
mode, could be reduced to lefs than ^-^th part of a fecond of 
time, to which it may infallibly be brought by trigonometry^ 

Having in this manner ihewn what probable degree of e:^a£t- 
nefs may be expeited in the various, b-ut ufual, -ways of -afcer- 
taining the difference of longitude between-^ the Ohfervatories 
of -Greenwich and Paris, ; and compared' the ■refults with the 
titicertainty that feems yet to exift in this matter from theflate 
of aftronomical obfervations ; let us next fee how Mr. Rams- 
ben's inftrument is likely to perform, when a£iually applied 
to the determinatbn in queftion, by the oblerved angle be- 
tween the pole ftarinits eaflern or weftem aa^imuth, and a 
very remote ftation, whofe diftance from the inftrument is 
known by the feries of triangles, and diftingiiilhable by the 
Indian lights at night, for the purpofe of this particular 
obfervotion. 

With an inftrumentji, carrying telefcopes fo good that the 
pole ftar may be {htn in daylight, it is obvious, that the bi- 
fe61:ed angle between the ftar in its eaflern and weftern axi- 
muths will give at once the r polar diftance of the ftar, and 
the true meridian of the place, as referred to any known Na- 
tions vifible at the time of obfervation^ But as cloudy wea- 
ther may often prevent a complete obfervation of this fort 
from being obtained, and iince much time might be loft in 
3 attempting 
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attempting It, therefore the declination of the ftar fettled for 
any particular period being accurately known ^, its apparent 
difiance from the pole may, by the eftabliChed rules, be readily 
computed for any propofed day, as well as the preclfe times of 
its greateft elongations, twice in 24 hours, when in its eaftera 
and weftern azimuths, at which times it will, for feveral mi- 
nutes, appear, as to fenfe, ftationary or without motion, except 
in altitude. Thefe are, therefore, the beft times for taking 
the angle between the ftar and any particular ftation, fince the 
obfervations may be repeated frequently in the fpace of a few 
minutes, or until it ihall be perceived that the ftar has again 
approached towards the pole. Now, fuppofe the ftation of tfaa 
inftrument to be at Tatterlees^ whofe diftance from the perpen- 
dicular to the meridian of Greenwich, and confequently from 
Its parallel, is known by the trigonometrical operation. The 
latitude of the ftation becomes known likewlfe ; and let the 
co-latitude be 38'' 54^ 20^^ Let us likewlfe fuppofe the diftance 
of Bottk-hill on one fide to be 44100 fathoms, equal to 43^ 
28''''. 6 of a great circle; and that of the Br^w^^^^r^ on the 
other to be 38250 fathoms, equal to 37^ 42^^6 of a great cir- 
cle ; and further, that on thefe two ftations the Indian lights 
are exhibited for the time propofed. Now, let the angle be- 
tween the meridian and Bottle-hill^ and that between it and 
the Brmemberg^ be obferved by means of the pole ftar correded 
for its diftance for the day ; and fuppofe the firft to be 75^ 10^, 

* Since this Paper was written, the Aftronomer Royal has been fo obliging at 
to furnifh me with the mean diftance of the pole ftar from the pole, as fettled at 
Greenwich by eight obfervations above and nine below it, made in the year 
1786,- whereby it appears, that the mean diftance, reduced to the beginning of 
that year, was 1° 50' 8''.35i and the mean annual preceffion in declination 
being i9".55, confequently, the mean diftance for the ift of January, 1787^ 
was 1° 49' 8''.8. 

VoL.LXXVII. F f and 
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and the laft 125*^5''; thus we (hall have two fpherlcal tri- 
angles to compute, in each of which two fides, and the con- 
tained angle, are known, and one fide, vi%, the co*latitude, |s 
common to both. Now, from thck data, making ufe of the 
half fum and half difference of the fides, w:e fhall have 
the angles in thefe two triangles as^ underneath, and the 
angle of longitude between Bottk-hill and the Brunemberg^ 
equal to that at the pole, will be found to be i^ 55^ 56''^i, 
If from this angle we dedud about 30^'' or ^^^\ for the Ipace 
that the Bottle-hill feems tp be to tthe weflward of themeridiau 
of Greenwich, there will then remain i"" SS^ ^i^^ for theeaft 
longitude of the Brunemhrg^ being very nearly that expreflfed 
in the map of the triangles which accompanies this paper. 



* Bottle-hill. 



Half dlffercnct - 
Half fum - 

Angle at Bottle-hill 
Angle at the pole - 
Contained angle - 



// 



51 25 14.05 
52 32 25.07 

103 57 39-12 

I 7 II,02 

75 10 o. 



Sum of the three angles 180 14 50.14 



Angle of convergence 
Excefs above 180^ 



52 ao.88 
14 50.14 



Brunemberg. 



Half diiferenee - 
Half fum — 

Angle at Brunemberg 
Angle at the pole 
Contained angle ~ 



a 



26 44 12.2 

27 32 57-3 

— ■■■ ■ " ' "■■ I c 

54 17 9-S 
48 45.1 

125 5 o« 



•«■«•• 



Sum of the three angles 180 10 54.6 



Angle of convergence 
Excefs above 180^ 

Angle of longitude 



37 So«5 
ID 54.6 

ri I— <—■>. 

48 45.1 



Angle of longitude - i 7 11.02 

Sum of the two longitudes ,1^ 55' 56'M 2. 
It IS to be obferved, that the meridians, which are all parallel to each other at 
the equator, on their departure from jthence converge more and more as they 
approach towards the pole, where the angle of convergence becomes equal to the 
angle of longitude. It may* alfo be remarked, that the angle o£ convergence^ 
augmented by the excefs of the three angles of the iphcrical triangle above i8o\ 
is always equal to the angle of lon^^tude, br that at the pole. And as.this hold* 
taniverfally in all latitudes, it affordi a ready jneans of proving that the eompu-* 
tations are juft, 

3 As 
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'As far -as we are enabled' to jmdge at ptefeiit^ from the -exa^^, 
iBiiiatioii ' of the divifioos of Mr. K.amsden's iiiftriimeiit, . 
there is every reafoE" to believe^ that in taking •angles, around^ 
the' horizon, the mean of feveral repetitions of the fame arigle^j-'. 
as- referred to different parts of the circnmferenee of '^- the' circle^, 
will differ -very little from the truths fo little in deed^ that i it- 
many cafes the error will totally vaniih. Bnt in elevating the 
telefcope towards tHe pole, let ns fuppofe that an error of 5 
feconds on eacli of the contained angles at ^atterkes has 6eeii 
committed; and further^ that even an error of 5 feconds of 
latitude, equal to about 84I fathoms on the meridian, may 
liave been fallen into, in eftimating the co-latitnde (which 
never can happen, but is only here admitted, to place the 
example in themoftdifadvantageoiiscircnmftancespoffible); then 
whoever will give themfelves the trouble to recompute the two 
triangles with thefe new data^ will find the refnlt in longitude 
not to be varied thereby, in the firft cafe above ^th part of a 
fecond, or -yJ-^-th part of a fecond in time; and in the lafl: not 
quite I fecond, or ^^^.th part of a fecond in time^ Hence I 
conclude, that the beft mode of determining the differences of 
longitude will be by the inftrament itfelf, applied in this way^ 
in taking the angles between the pole ftar and very remote 
ftatlons, diftingnifhable at night by the help of the Indian 
lights, andwhofe diftance is accurately known. This method 
will, it is true, be liable, as well as aftronomical obfervatlons^ 
to the imperfedions of the inftrument, particularly thofe of 
the telefcope, and the unavoidable error in its application ; but^ 
on the other hand, it will be entirely free from the irregula- 
rities of clocks, and the imperfedions of vifion in marking 
the inftantaneous exploiion of light. When both methods 
liave been repeated a fufficient number of times, with all 

F f a imaginable 
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imaginable care, we fhall then, and not till then, be able to 
judge to which the preference may be due. Thus five or fix 
long ftations, in or nearly in the parallel of Greenwich, fuch^ 
for inftance, as that of Shooter's-hill Tower, would reach 
from the eaft quite to the weft of the ifland: and as a very 
confiderable degree of confiftency might be expeded among the 
refults for equal portions of the parallel, this method feems to 
be as likely as any to furnifh data iot determining the nature of 
the fpheroid or figure of the earth. 

Table of the degrees of the earthy con/lruBed on the hypotbefs of 

M, Boi/GUER. 



Sefide the table of comparifon of the arc between Green- 
wich and Perpignan, which I have already endeavoured to 
explain, this Paper is accompanied with another, which, as 
well as the former, was originally intended fblely for my own 
nfe. With this view it was at firft only computed for every five 
minutes of the 51ft and ^zA. degrees of latitude, that I might 
thereby be enabled more readily to compare the longitudes and 
latitudes of the refpeftive ftations in our progrefs towards the 
coaft; and more particularly to fit it for operations in the fouth 
parts of England, as likely to be firfl carried into execution. 
In order, however, to render it more generally ufeful, it has 
fmce been extended to every five degrees in the higher and 
lower parts of the quadrant, and to every fingle degree in inter- 
mediate latitudes. The table not only contains the degrees of 
the meridian and of longitude, but alfo thofe of a great circle 
|)erpcndicular to the meridian, and likewife fuch as are oblique 
to it, for the other it'vtn points of the compafs. With regard 
to the conftrudion of the table, it is only neceffary to make 

fome 



propofed trigommetrkal Operation. %%% 

fome remarks on that column of it, which contains the fum of 
the three equations, or difference between the degree of the 
meridian and the correfponding degree of the great circle per- 
pendicular to it, which is the moft troubleforae to compute, but 
muft be found before the degree of longitude can be obtained. 
The firft part of M. Bouguer's equation coniifts of -/.^ths of 
the difference between the degree of the meridian at the equa- 
tor and that at the pole, vi%. 545.12 fathoms, to be conftantlj 
added. Secondly, |ths of the increment of the correfponding 
degree of the meridian above that at the equator, to be fub« 
traded; and, thirdly, -^tths of a third proportional to the 
excefs of the degree at the pole above that at the equator as 
radius, and the fine of the correfponding latitude, to be added* 
Now it will be found, that this laft part of the equation -rVhs, 
if uniformly applied, would have produced abfurd refults at 
the 73th degree of latitude, that is to fay, the degrees of a 
great circle would there have become greater than the degree 
at the pole. The equation ^^.ths or |th would in like man- 
ner have produced abfurd refults between the 79th and 80th 
degree. Even ^ths will not go on further than the 85th; 
and the higheft equation that will go through the whole qua- 
drant, uniformly applied, muft not exceed ^3!% parts of the 
third proportional. M. Bouguer himfelf had found this, and 
accordingly had applied the equation with a certain modifica- 
tion or abatement, which neverthelefs he makes no mention of 
in his book. Seeing, therefore, that the degrees of a great 
circle perpendicular to the meridian differ moft from thofe of 
latitude about the tropics, I have, at the 20th degree, applied 
the equation -xVths or -/~™ parts, and made the divifor increafe 
by unity for each degree of the quadrant above that point to 
the pole, where it becomes -/-/^ parts. Below the 20th d'Sgree 

the 
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the divifor, in like manner^ iacreafes by u nit j- to the ^ equator^ 
where it becomes .5-™ parts* With- refpeftto the degrees of 
great circles, obllqiiely fituated ^o the meridiao^ they were 
ehiefly intended for facilitating the compntations of cur?atiire 
and refraftron, where, in any particular cafe, it might be*» 
come neceffary to obtain, to great precifion, the relative height 
of a very diMnt ftation with regard to that^ dc'cupied by the 
inftrnment: for in fiich cafes, in Jlri^tnefs, the angle which 
the line makes with the meridian Ihoold be attended to. 

The computations^ for the conftrnaion of this table have 
been, as may eafily be judged, fiifficiently laborious ; but hav- 
ing once begun, I was induced to go through with them, con- 
ceiving that a table of this fort would be of general utility : 
and that it might be very long indeed before the refuits of 
future operations, yet to be undertaken in different and very 
remote parts of the globe, would furnilh data for any thing 
better. It muft be by the united efforts of enlightened nations^ 
confpiring as it were together in promoting the caufe of fci- 
ence, that great objeds, fuch as the determination of the 
magnitude and figure of the earth, can ultimately be obtained. 
Each fhould contribute to it, and all have it more or lefs in 
their powerj according to their particular fituation, and that 

* Much care has been bellowed hi the various. computations for the con- 
flrudion of the two tables appertajning to this Paper, In the laft, which has 
been the moil: laborious, the differences feem to go on fo uniformly, it is hoped, 
no error of any confequence will be found. Here it is proper that I fhouid 
mention a typical erratum in one of the tables belonging to my Paper on the 
Barometer, publiilied in the LXVII. volume of Tranfa£tions5 for 1777. It is in 
Tab. VI. containing obfcrvations on heights near Carnarvon, In the column of 
obferved height of Mercury on Moel Eilio^ Augufl 4, 1775j lh» 7 m, P. M» 
Inilead of 27.714 read 27»a 14. 

portion 
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portioo of its furface which has fallen to their fliare in the 
general diftribution of things. 

Under the aiifpices^ and immediately under the eye^ of a 
Sovereign who loves and cheriflies the fciences, much may be 
done within the limits of the Briiiih lilands^ which, reckoning 
from Eaftnefs in Suffolk' to the weftern parts of Kerry in Ire- 
land, contain near 12 degrees of longitude s and counting from 
the Channel on the fouth to the Orkney iflands only on the 
north about 9 degrees of latitude. With this general purpofe 
in view, and at the fame time to lay the bell: foundation for the 
furvey of the Britifli iflands? I would propofe, as the opera- 
tions preferably to be executed, that feriefes of triangles fhould 
be extended along different meridians, particularly thofe of the 
chief ObfervatorieSj and of fome remarkable hills in the central 
parts of the ifland, till they fail into the fea on the fouth and 
north; and that, acrofs thefe, a great number of feriefes, in 
the parallels likev/ife of the chief Obfervatories, and of re» 
markabie hills or eminencies, Ihould be extended from the eaft 
to the weft coaft. TIt^ Wrekin-hill^ on the eaftern Ikirt of 
Shropfliire, feems to be an eligible point, being in a central 
fituation, fufKciently confpicuous, and yet not fo high as to 
render the frequent accefs to it very inconvenient. If it ihould 
be found, that longitudes may be determined by the inftru- 
meat to the degree of accuracy which is expe<5fcpd, and that 
it may likewife be advatitageoufly applied, independently of 
the zenithieftor, in tracing any parallel whofe latitude has been 
already afcertained, or the parallel of any ramarkable pointy 
whofe meridian is known, but not its latitude; then the num- 
ber of thefe parallel feriefes Qumot be too much multiplied : for 
a great majgiy of thefe^ (^eratioiis (executed iwitb, due x::arer would 

abfolutely 



2 24 ^^^' Roy's Account of a 

abfolutely give the figure of the earth, fince the fhorteft 

diftance from the furface to its axis would thereby be 

obtained. 

The Britifli dominions in the Eafl-Indies offer a fcene parti- 
cularly favourable for the meafurement of five degrees of lati- 
tude on the coaft of Choromandel, as has been noticed by 
Mr. Dalrymple, F. R. S. in his Paper on the Marine Survey 
of that Coaft. Two degrees of longitude, at each extremity 
of this arc, fhould likewife be meafured. 

The plains of Bengal, dire£lly under the northern tropic, 
afford another fituation where it would be of great confequence 
to determine the lengths of a degree or two of latitude, and 
as many of longitude. Thefe two operations could not fail to 
be patronifed by the Eaft-lndia Company, who fhould defray 
the expence ; fince, whatever tended fo much to the improve- 
ment of fcience in general, and fo direftly to that of naviga- 
tion in particular, mufl be thought important to a Body of 
Merchants, whofe power, as well as opulence, ftand at this day 
unequalled in the mercantile hiftory of the world. 

But there is one operation yet to be mentioned that would 
contribute more than any other to the determination of the 
figure of the earth, which is, the accurate meafurement of fome 
degrees of longitude on the equator; becaufe thereby .the 
length of its femi-dlameter would be immediately known, 
which hitherto has only been theoretically computed from the 
meafured portions of the meridian. The Portuguefe feem to 
he pofleffed of the mofl: advantageous fituation yet known on 
Xht globe for that purpbfe: for M. de la Condamine has 
told us, that at the mouth of the river of Amazons, near the 
fort of Macapa^ in three minutes north latitude^ there are 
5 extenfive 
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extenfive open plains where an operation of this fort woulci not 
have been fo difficult as was at firft imagined, when he pro- 
pofed the fcheme to the Academy of Sciences, a year before 
the voyage to ^//V^ was thought of. Had this been adopted 
as the fcene of their operations, inftead of that elevated 
valley comprehended between the lofty ranges of the 
Andes^ the bufinefs would have been much fooner accom- 
plifliedj with infinitely lefs labour and fatigue, and ftill more 
fatisfadorily, fince degrees of longitude as well as of latitude 
would probably have been meafured. Here then the Portu- 
guefe (hould determine the length of two or more degrees of 
longitude, and as many of latitude, by way of proof or cor- 
redion of the Peruvian obfervations. A well conduced ope- 
ration of this kind could not fail to add to the celebrity of a 
nation who, by their difcovery of the new world in the wefl:^ 
and having opened the route by the Cape of Good Flope to the 
eafkern fide of the globe, may be confidered as the founders of 
modern navigation. 

With regard to operations in high northern latitudes, which 
would doubtlefs be of great importance, the Ruffian Empire 
muft certainly afford a variety of fituations, more or lefs diffi- 
cult, for the purpofe ; and an Emprefs who commands fo great 
a proportion of that region of the world, where it is faid ex- 
ploratory difcoveries are at prefent carrying on by her orderj 
can fcarceiy be fuppofed to fuffer a reign, otherwife fo bril- 
liant, to expire, v/ithout dire£ting fomething of this fort to be 
executed under the polar circle, or as near to the pole as the 
feverity of the climate will permit, by way of confirmation or 
corre6llon of the Lapland meafurement, which yet ftands 
fingle and by itfelf, without any collateral proof of its exad- 
iiefs. If fuch operations as thofe I have fiiggefted towards the 
Vol. LXXVIL G g 
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clofe of this Paper were well executed in different parts of the 
world, little would then remain to be done towards the deter- 
mination of the magnitude and figure of the earthj except 
multiplying, as much as poffible, experiments with the fame 
pendulums from the equator to very high fouthern and northern 
lacitudes,^ that fome judgement might thereby be foijmed of 
the fimilarityj or otherwife^ of the two polar fides of the 
fpheroid. 

Feb, a2, 1787, 
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In the Second Table fobjoined to this Paper, page 2285 under the head 
^« Degrees of Longittide/'in the eolumn of the length of each degree 
.in fathoms^ 1, 24. from the bottom (being that which anfwers to the Latitude 
of Greenwich) for 38161.69 read 38164,00; and in the next column of 
differences, i. 25. from the bottom, for 53.13 read 50.82 ; and the next line 
belowj for 16.12 read 18. 43. 

In the Map of the Triangles, for Sslsby read Selsey, 

In the Firft Table^ p, ^a?^ the M liae ol the M coUima btit oiie^ for jSi&iff 

/. -rfad.48l64.Q. 
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52 

14 
52 



4 
52 



13 



/// 



00 
00 



8 

.00 



00 
00 

41 

bo 



36 

00 



Differences of latitudes 
or celeftial arcs. 



Deg.Min«&c. 



o > 



8 

diff.o 

8 

diff,2 
6 



} 



diCi 

J ^ 
diff.2 



} 



46 
26 

u 
8 

45 
23 
43 
39 



// /// 



4800 
5052 
57 






s. 

o 

8i8. 
8 



2200 

t 
9,19 



2^ 
6. 



1 2 41 



51 



21 36 



2 
I 



Dec. 
parts 



78 

4475 

33^5 

193 1 

1394 

7525 
3869 

6309 
656 



Some 

other 

chief 

proper- 

ties# 



^Semi-diameter of the equator 
Semi-axis between the poles - 

Ratio of the femi* diameters -. 

Difference of the logarithms of the ratio 



r Equator — — 

Degrees of the! 45th — — 

meridian at the! 66° 20' - - 

Ipole 
Excefs of the degree of the meridian at the pole, \ 
' ■■ ■ ' - « .. - ■ ■ / 



above that at the equator 



Degrees of lon- 
gitude at the 



Equator — 

43"" 32^ fouth of France 
51"^ 28^ 40'' Greenwich 



II 



Meafured 

Arc, 



Fathoms. 



506499. 

133417. 
373082. 

io6564, 

266518. 

166009. 

100509. 



60484.5 
60777.6 
61 194.3 



443544 



Suppofing the earth 
be a fphere. 



to 



Fathoms, I Error, 



534343* 

27235. 

507108, 
133467. 

373641- 
106658. 

266983. 

166200. 

100783. 



+ 609" 
-f- 50 

+ 559 
4- 94 . 

+ 4% 

+ 191 

+ 274^ 



-I- 

'T3 



U, 
PS 

<u 

G 

o 

u 

o 

u 
u 

c 

a 



3486975 
3486975 



} 



.00000 



60859-1 

60859.1 
60859.1 
60859. 1 

00000.0 



Error. 

+ 374*6 
+ 81.5 



60859. 1 
44 ■*■ 2 ■'^ • 'i 

37904 2 



233' t 



Fathoms, 



535927- 

27350' 

508577- 

133934. 
374603. 
107007. 
267596. 
166620. 
100976. 



-f* 2'k 

4* I ' 

Ml 

+ u 
4- ^ 



■■•^W Ill 



3504545 

3484973 

179,047 to 
0.0024323 



mwimmmmmmf 



60484.5 

6^993-4 

o I •<4'^* T 
61509-3 

1024,8 



61 165.8 
44461.2 
382259 



1 

1^^ 



-f 2,1 
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raprehended between, the parallels of Greenwich and Perplgnanj with the meafured arid compi 
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Computed arc oft dil^rent hyfothefes. 
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Suppofing the Earth to be an oblate ellipfoid, 



IS. 

7- 

o» 

7- 

4- 

'3- 

7- 
i6. 

o. 

6. 

mmmmmimim 

■5 
3 

J to 

323 



■3 

,8 

Wi l li— I I 

.8 
9 



Error. 



■)•*■ 



+ 20^81 
+ 1521 

4* 1078 

+ 420 

+ 467 



00 
CO 

* 

o 

i« w |iW 



I 

I 1957^ 

178 047 



Er^oi\ 

0.0 

4-215,8 

4* i48«o 



"J" lOu*o 



Fathoms. 



S3SS88. 

27331. 

508257. 

134038. 

374374- 
106937. 

267437* 

1665 I 8. 

1009 I 9. 



3501802 
3483608 
192.483 to 
0.0022622 



60484*5 
60957,7 
61281.9 
61437 a 

952.6 



6iii7«9 

44430*4 
38 1 81.3 



Error. 



+ I7SS1 
+ 621 

I™ * ^ y ^ 

+ 373 > 5 

-l- 9^8 

+ 509 
+ 41 o 



Fathoms. 



00 



c^ 



18194 
191.483 



Error* 

0.0 

4* loO. I 



535088. 

27301.. 
507787. 

133747- 
374040.' 

106834. 

267206. 

166370. 

100836. 



3497814 
3481624 

216.06 to 

0.0020148 



4- 76.0 



i i i >i ii i « i iiiwiiiiiiwpi ni ii|i 



Error. 



60484*5' 
60905.9 

61 194.3' 

6133^.2. 

847*7 

61048.5 

443S5-7 

38130.1 
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4-1288^ 

+ 330 

4* 95^ 

+ 270 y^ 

4* UwO 

4. jgj 

-f. 327. 



00: 






1619O 

215.06 



Error. 

0.0 

+ 128.3 

, o»o^. 
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Fathoms, 



534970. 

27294. 

507676. 

^337 ^5» 

373961- 
1068 10. 

267 15 I. 

166334. 

100817. 



Error. 






4* 1 177' 

4- 298 

4" 879 

+ 246 } ^ 

1+ 633 ; 

+ 325 

4" 308 



3496934 
'348 122 I 
^222.55 to 
0.0019558 



60484*5 
60893.5 

oil 73*4" 

61308.4 
823.9 



Fathoms. 



•J 



r 157^3 

221 955 



Error. 

4- 1 15.9 

— 20 9 



61033.0 

44341.7 
38117.7 



* »IMI<I H »l| l ( li 8*l»"'»'"«*''*WW 



1 2.7 



533942- 

27241* 
506701. 

•133454- 

373H7* 
106605. 

266642. 

166017. 

100625. 



3489949 

3474775 
230. to 229 

0.0018924 



60382^.6 
60777.6 
61047,8 
61 177.0 

794*4 



Error. 



4"' 202. 1 
+ ■■ 37 

+ 155 
4* 4'^ f 

+- 1 24. 

+ 8 

4* 11 



d 



} 



I5174 



Error. 
1 01. 9 
0.0 

146.5 



6O911.1 

44250.1 

37978.7 I 



-1.04.3 
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computed lengths- of the correlponding terreftrial arc between thefe parallels* 
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Suppofing the earth to be a fpheroid differing from 

the ellipfoid. 



■ifM 



rror. 



mmmmm$mi1/H> 



202I 

37 
1 55 

41 r 
124 
8 
116^ 






51-74 



,rrdr« 
1 01. 9 
o»o 

1 46.5 



1.04.3 



Fathoms. 



S33860. 

27230.' 
50&630. 
1 3341 2.' 
373218. 

io6582, 
266636. 
I 66005, 

I 0063 I. 



3487954 
3476718 , 

310.3 to 

0.00 1 40 1 8 



60484.5 
60777.6 
60977*7 

61073.0 

588.5 



Error. 



+ 1311 

.-.; 4 
+ 122. 



Fathoms. 



cri 






■%> 



309-3 



Error. 
0.0 
0,0 
2i6.6 



60876.2 
44213.4 

37989-9 



i4J»o 



533751- 
27206. 

5o6545- 
133360. 

373185- 

i<>6s55- 
266630. 

16599 I. 

100639. 



Error. 



3485542 ^- 
3479087 

540 to 539 
0.0G08050 



60609.0 
60777.6 
60891.6 
60947.0 

338.0 



+ 46I 

■-■ '57 

+ 103 

mmt» m f\ 

-f- 112, 

- 18 

+ I3O- 






More prominent in middle 
latitudes than the ellip- 
foid. 



6455- 



Jtirror. 

+ 124.5 
' ,0.0 

+ 302.7 



60834.1 

44^4^*9 

379324 



MMitKM 



212.5 



MfMl 



Lefs pyominent lo middle 
latitudes than the ellipfoid 
of the fame femi*diameters. 



Fathoms. 



i tmHmmtmimmtiim 



Error. 



1* 1 1 I I IIIII1— *■ 



534997- 
27296. 

507701. 
133722. 

373979- 
1068 I 5. 

267164. 

1663^2. 

100822. 



3496934 
348 I 22 I 

222.55 to 

0.0019558 



60484.5 ; 
60896.5 
61175.7 
61308.5 

824«o 



4-^1202! 

+ ■■■305 
+ 897 
+ 2t5i Y 4 
+ 646 

+ 333 
+ 313J 



XT) 

iMI fw . 



} 



»S7i3 



Error, 
o.o 

+ 1 18.9 
— 18.6 



61033.0 

4434 '^ 
38 1 17.2 



'12.6 



M. mill 



Fathoms, 



Error. 



533737- 
27243. 

506494* 

J 33438. 
373056. 
106570. 
266486. 
165928. 
200558. 



3496740 
3477^10 
1 79.4 to 

0*0024274 



+ 21 

r: .1 

-81 



r ^953^^ 
178.4 



60484.5 
60740.0 
61203.7 

61506.6 

1022.1 



•<l«« 



Error, 
0.0 

— 37*6 , 
+ 9*4 



61029.6 

44373*5 
38161,7 
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Table of the degrees of the Earth eonftruded on the hypothefis of M. Bouguer, where : 

fquares 






Latitudes. 



Paris 



Greenwich 



o 
O 

S 

20 

35 
40 



o 



41 
42 

43 

44 

45 
46 

47 
48 

48 

49 
50 



50 

5° 
51 



SO 



5 
10 

15 

20 
25 

35 
40 

45 
50 

55 
o 



'4 



5' 
51 
51 
51 

51 
51 
SI 
55 
St 
SI 

-51 

SI 

S2 



5 

10 

IS 

20 
2 c 

35 

40 

45 

SO 

ss 

o 



S3 

54 
55 



40 



Lengths of degrees 

of the meridian in 

fathoms. 



/ 



.60484.50 ^ 

160484.56 

J60485.43 

,60489.08 

160498.49 

l60517.l1 

;6o548.38 

,60595.13 



60658.99 



} 
} 
} 
} 



160673.85 
60689.40 
60705^62 
60722.50 
60740.02 
60758.17 
60776.92 
60796.24 
60812.83 
60816.10 
60836.47 



.1 
J 



60838.19 
60839.92 
60841.64 
60843,37 
60845.11 
60846.84 
60848.58 
60850.32 
60852.07 
60853.82 
60855.57 
60857.32 



60859.08 
60860 84 
60862.61 

60864.37 
60866.14 
60867.44 
60867.92 
60869.69 
60871.47 
60873.25 
60875.04 
60876.82 
60878.61 



60900.30 
60922.35 
60944.70 
60967.33 



} 

} 

> 

} 
} 
} 
} 
} 
} 
} 

} 

} 
} 
} 
} 
} 
} 
} 
} 
} 
} 
} 

} 

} 
} 
} 
} 
} 
} 
} 
} 
} 
} 
\ 

} 

} 
} 
} 
> 



Incre- 
ments 
above the 
deg. at the 
equator. 



DifF. 

0.06 
0.87 

9.41 
18.62 
31.27 

46.7s 
63.86 

14.86 

16.22 
16.88 

17.52 
18.15 

i8.7sl 
19.32 

16.59 

3-37 

20.37 



1.72 

1-73 
1.72 

^•73 

1.74 

1.73 
1,74 

1.74 

I-7S 
i.7S 

I-7S 
1.76 

1.76 
1.77 
1.76 
1 .7 7 
' I 30 
0.48 

1.77 
1.78 

1.78 
1.79 
1.78 
1.79 

21.69 

22.05 
22.35 
22.63 
22.8^ 



0.00 
. 0.06 

0-93 

4.58 

13-99 
32.61 

63.88 

110.63 

174.49 



' Diff. between 

deg. of the mer. 

and deg. of gr.eat 

circles perp. to 

the mer. or fum 

of the three 

equations. 



189-35 
204.90 

221.12 

238.00 

255-52 
273.67 

292.42 

311-74 
328.33 
331.60 

351-97 



353-69 
355-42 

357-14 
358-87 

360.61 

362;. 34 
364.08 

365.82 

3^7*57 
369.32 

371 07 
372.82 



374-58 

376.34 
378.11 

379^87 
381.64 

382.94 

383-4^ 

385-^9 
386.97 

388.75 

390-54 
392. 32 

394- M 



415.80 

437-85 
460.20 

482.83 



545-12 
547.01 

^551.77 
559 64 
566.51 
568.54 
563-15 
547-54 
519-^7 



512.74 

505- H 
497.02 

488.40 

479.28 

469.64 

459-55 
449.00 

439-77 

437-93 
426.52 



425-56 

42457 

423-59 
422.64 

421.66 

420.67 

419.68 

418.68 

417.72 

416.71 

415-70 
414.70 



413. 68 
412.69 
411.70 
410.68 

409.66 

408.90 
408.63 
407.61 
406.57 

405-59 

404.54 

403-5I 
402.48 



389.88 

376.96 

3^3-75 
350.26 



Degrees oi great 
circles perpendicu- 
lar td the meridian. 



61029.62 
61031.57 

61037.20 

61048.72 

61065.00 

61085.65 

61111.53 { 

61142.67 

61178.86 



} 
} 
} 
} 
} 
} 



61186 59 
61194.54 
61202.64 
61210.90 
61219.30 
61227.81 
61236.47 
61245.24 
61252.60 
61254.03 
61262.99 



} 

} 

} 
} 
} 
} 
} 
} 
} 
} 
} 
} 



61263.75 ^ 

61264.49 

61265.23 

61266.01 

61266.77 

61267.51 

61268.26 

61269.00 

61269.79 

61270.53 

61271.27 

61272.02 



> 
} 
} 
} 
} 
} 
} 
} 
} 
} 
} 



61272.76 

61273.53 

61274.31 

61275.05 

61275.80 

61276.34 

61276 55 

61277.30 \ 

61278.04 ^ 

61278.84 

61279.58 

61280.33 

61281.09 



61290.18 
61299.31 
61308.45 

61317.59 

£~, ^ /^ j^ C^ £••. ^^ 



Diff. 

1-95 

5-63 
11.52 

16.28 

20.65 

25-78 

31-14 
36.19 

7-73 

7-95 
8.10 

8.26 

8.40 

8.51 

8.66 

8-77 

736 

1-43 
8.96 

0.76 

0.74 
0.74 
0.78 
0.76 
0.74 

0.7s 
0.74 

0.79 

0.74 

0.74 

0.75 

0.74 



} 


0.77 


} 


0.78 


} 


0.74 


} 


0-75 


} 


0-S4 


} 


0.21 


} 


0-7S 


> 


0.74 


} 


0.80 


} 


0.74 


} 


0.75 


} 


0.76 


I 


9.09 


} 


9 13 


} 


9-14 


} 


9.14 


} 


9.10 



[ Degrees of great circle; 

perpe: 



DifF. 



7 points 

==781. 



20.75 61C08.87 
20.82 61010.75 
21.00 61016.20 
21.30 61027.42 
21.56 61043.44 
21.64 61064.01 
21.43 61090.10 
20.84 161121.83 



19.78 



61159.08 



9.51 

9-23 
8.92 

8-59 

8.24 
7.86 

7*49 
7.09 

6.74 
6.67 

6.23 



61167.08 
61175.31 
61183.72 
61192.31 
61201.06 
61209.95 
61218.98 
61228,15 
61235.86 
61237.36 
61246.76 



6.20 
6.16 
6.12 
6.09 
6.05 
6.01 

5-97 

5-93 
5.90 

5-86 

5.82 

5-78 



Ji'74 

15-71 
15.67 

15.63 

15-59 

15.56 

15-55 
1551 

15-47 
15.44 

15-40 
15.36 

1532 



61247.55 
61248.33 
6 1 249. 1 1 
61249.92 
61250.72 
61251.50 
61252.29 
61253.07 
61253,89 
61254.67 
61255.45 
61256.24 



14.84 

H-35 
13.84 

^3-33 



TO 



H 



61257,02 

61257.82 

61258.64 

61259.42 

61260.21 

61260.78 

61261.00 

61261.79 

61262.57 

61263.40 

61264.18 

61264.97 

61265.77 



61275.34 
61284.96 
61294.61 
61304.26 

6TC?r2.RR 



Diff. 



59. g8 

59-29 
59.80 

60.66 
61.40 

61.62 
61.04 

59-35 
56-35 



55-58 
54-75 
53-87 
52.93 

51-95 

50 c^o 

49.81 
48.66 
47.66 

47.46 
46.23 



46.12 

46.02 

45-91 
45.80 

45-70 
45.60 

45-49 

45-38 
45.27 

45.17 

45.06 

44-95 



44.^4 

44.73 
44*62 

44-51 

44.40 

44.32 
44.29 
44.18 

44*07 

43-95 
43.84 

43-73 
43.62 



42.26 
40.86 

39-43 
37-96 



^/; 



A tm 



ount oj a propofed tngonomeirkal Operation. 



where the increments to the degrees of the meridian above that at the equator follow xh^ ratio 
fquares of the lines of the latitudes. 



at circles oblique to the mei-idian, the differences between the meridional degrees, and thofe of great circles 
perpendicular to them, being in the ratio of the fquares of the fines of obliquity. 



Diff. 



59. g8 

59-29 
59-80 

60.66 

61.40 

61.62 
61.04 

59-35 
5^-35 



6 P°"^J^ 1 Diif. 
zi67^|. j 



55-58 
54-75 
53-87 
52.93 

51-95 

50 c^o 

49.81 
48.66 
47.66 

47.46 
46.23 



160949.79 
I60951.46 
50956.40 
60966.76 
60982.04 
61002.39 
61029.06 
61062.48 
61102.73 



46.12 

46.02 

45.91 
45.80 

45-70 
45.60 

45-49 

45-38 
45.27 

45.17 

45.06 

44*95 



61 1 11.50 
61120.56 
61129.85 
61139.38 
61149.11 
61159.05 
61169.17 
61 179 49 
61188.20 
61189.90 
61200.53 



44.^4 

44.73 
44*62 

44-51 

44.40 

44.32 
44.29 
44.18 

44*07 

43-95 
43.84 

43-73 
43.62 

42.26 
40.86 

39*43 
37-96 



61201.43 
61202.31 
61203.20 
61204.12 
61205.02 
61205.90 

61 2o6«8o 
61207.69 
61208.62 
61209.50 
61210.39 
61211.29 



61212.18 
61213.09 
61214.02 
61214.91 
61215.81 
61216.46 
61216.71 
61217.61 
61218.50 
61219.45 
61220.34 
61221.24 
61222.15 



61233.08 
61244.10 
61255.18 J 
61266.30 

T O •» -5 /IT 



88.43 
88.73 

89.51 

90 87 
91.90 

92.24 

91-35 
88.81 

84.33 



5 points 
r:561. 



DifF, 



83.17 
81.94 
80.61 

79-23 



60861.36 
60862.73 
60866.89 
60875.89 
60890 14 
60910.15 
60937 71 
60973.67 
61018.40 



4 points 
— 45 



DifF. 



3 points 
— 3o 4.. 



104.20 60757.16 
104.66 60758.07 

105.57 60761.32 

107.63 60768.26 
108.39 60781-75 

108.77 60801,38 
107.75 60829.96 

104.77 160^568.90 
99.48 I609I8.92 



104.40 
104.67 

105.58 

106.44 
108.40 
108.79 
107.76 

104.77 

99 47 



Drff. 



^o^^ I DifL 



— 22 2* 



60652.76 
60653.40 
60655.74 

60661.82 
60673.35 
160692.59 
60722.20 
•0764.13 
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APPENDIX. 



Jl Supplement to Major^Gemral Roy's Accmnt of the Mode pro-^ 
pofed to h followed in determining the relative Situation of the 
Royal Obfervatories of Greenwich and Paris. See p. i88« 

ReadNov. 8, 1787. 

IN the account of the propofed trigonometrical opera- 
tion 'for determiniog the difference between the meri- 
dians of the Royal Obfervatories of Greenwich and Paris, 
I have, at p. 221. and 222. had occafion to remark on an 
inconliflency found in the fum of the three equations, as 
jftated by M» Bouguee, for obtaining the lengths of de- 
grees of great circles perpendicular to the meridian, above 
their correfponding degrees of latitude, without h^ing been 
aware of the true fource of the error, for which I am in^ 
debted to the inveftigations of the Aftronomer Royal ; who, 
having found it out, obligingly communicated the fame to 
me, about the time' of the annual recefs of the Society ^ hi 
the end of June Lift. 

At' p. 289. and again at p. 313. and 314. of M. Bou- 
G use's Book, the fubtradive ,- branch of the equation, or the 
part .of DG the gravicentric arc, anfwering to the difference 
between the radii of curvature at the equator and given lati- 
tude, has erroneoufly been expreffed in%vords .|ths inftead of 
4ths, which the algebraic formula juftly gives for it, and ac- 
cording to which M. Bouguer's table has been accurately 
computed. Not fufpe£l:ing any thing of this fort^ no- intima- 

T t t 2 tioii 
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tion of it appearing among the errata^-, and no notice fiaviog 

been- hitherto takeoj as far as I know^.- of fuch a mUlake 

exifting in that jiillly celebrated work, now fo many years in. 
circulation, thronghout the world; inftead therefore ^ of ^*^ths^ 
or -j~%- parts of the third proportional, the lafl: additive mem- 
ber of the equation, I fiibftitiited another (with a certain 
modification, however, as ftated in -the befoTe-mentroned^^ pages) 
amonoiing only to -^i/^ parts of 'the third proportional,, being 
the higheil that would apply to the whole quadrant, without- 
producing abfurd refults. Thus I obtained ' approximate de- 
grees of great circles -and of ' longitude, differing but little 
from thofe of M. Bougfer, and compenfatiiig- in' a great' 
meafure, althongh not altogether,' for the 'then nndifcoveredi 
caufe of the oiiftake of ■j'.g th part of the arc DG; for 4. - | = ™i^, ■ 

In this ftate of the cafe, 'I have judged it incumbent on ^'me 
to annex a fupplementary table, where' the degrees of great- 
circles and of, longitude are accurately computed by the cor-- 
refted fubtradlivs branch ^-thsof DG inftead of |ths, as it now 
Hands in the original table. From infpeftion it will appear, 
that the maximum of, correftion amounts nearly to 5I fathoms- 
at the- 7Qth degree of latitude, diminilhing- gradually from 
thence to the pole on one fide, and the equator on the other, 
where it vanifhes. The maximum of corredion for the degrees 
of longitude^ amounting to about 2 1 fathoms, is applicable 
between the 58th- and 59th degree of latitade, where M», 
Bo u over's degree of the meridian becomes equal to his degree of 
longitude on the equator. From this point, it diminifhes 
gradually to the pole on one fide, and the equator on the other, 
where it in like manner difappears. 

With regard to degrees of great circles lituated obliquely to 

the meridian, it is fufficiently obvious, that they arc fo little 

.alFeded as to rendtrifof but fmall importance whether they 

7 . are; 
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are correQ:ed or not ; but for fucli as are fcrupuloos to fraftiooal 
parts of fathoms, thefe may fatisfj tliemfelvx-s with, great 

facility and exa£i:nefsj by attending to and proportioning by 
the common tabular differences^ as in the following example 

of the application of the corre£tion to oblique degrees^ in the- 

latitude of Greenwich ji^^sS''' 40'^. 



Application of the' 
correction to the 

degrees of great 
circles, Utiiated 
obliqiieiy to the 
iiKr.idiati, in the 
latitndeof CTreen- 



< 



Obliquity. 



o 



O 



45 
33 
56 

22 30 



67 

II 



} 



30 

IS , 
78 45.,. I 

o o 

o 



90 



Original I Snpp, 
tabular correc- 
difference, tion. 



Correded 
difference. 



Fath. 
204.45 

78.24 

66-33 
44.32 
15-56 



Fath. 
1.65 



Fath. 

+ , aoaJo 



0*54; {7 } ^5-79 
0-36 1(7} 43-96 

0'iai|;;j: J '15,44 



Corre^led 
degree. 



Fath.' 
^ 61070.20 
I 60992.63 
161147.85 
I 60926.84 
I 6.1213.64 
I 60882.88 
1 61257.60 
60867.44 
61273.04 



Flere k is to obferved^ that ' half of the corre£lion is con- 
flantly to^be applied at the 45th degree of obliquity; and fince 
the' differences between the terms in the , progreffion equally 
removed: on either fide from' 45% are always equal to each other, 
it follows, that the correflied differences are to be applied with 
the contrary fign^ thofe between 45^ and the meridian being in 
diminutionj. and thefe between 45"" and the eafl or well: points 
being in augmentation of the length, till, in the lirft cafe,, 
the degree becomes equal to that of latitude ; and in the laft 
to that of a great circle perpendicular to the meridian. 

The Table of Comparifon, p. 227. is no where afFeded by 
the alteration which has been^ the fubje£t of this difcuffion,< 
except in the two laft lines from the bottom^ as adverted tm 
among the errata fubjoined to this fupplement. 

This intimation of M, Bouguer's miftake in expreffing hi§^ 
formula in words, was accompanied with the converfion of 

that 
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that formula by Dr. Maskelyhe loto the following^ adapted 

• ^ tf X II + 8 xcof. 2 lat— -2 cof, 4 lat. • ^i r 

to natural iiiies^ — — — -~ — --^ — ^ ■—* a is the excels 

of the radius of curvature at the pole above that at the equa- 
tor^ and the figii of either term is only to be changed when 
the doubled or quadrupled latitude become greater than go°, 
and lefs than 270^. 

I embrace this opportunity of mentioning another clrcum* 
fiance, wholly unknown to me at the time my Paper was com- 
pofed- From what has been there faid, at p. 2 1 6, and fo on to p. 
220. it will probably be inferred, that I confidered thepropofed 
mode of determining the differences of longitude by theobferva- 
tions of the pole ftar, made with a very accurate inftrument, 
rather as new, not knowing that the fame idea^ or one nearly the 
fame, had before occurred to the Rev. Mr. Michell, and been 
treated on by him in his very ingenious Paper in the Fhilofo- 
phical Tranfaftions, Vol. LVL for the year 1766. That I 
muft have read that valuable performance about the time of 
its publication is not to be doubted ; but in the lapfe of fo 
many years, every trace of it had gone from my remembrance, 
otherwife I would have moft ctrtainly referred to it in the 
proper place, and with the attention that it fo well deferves. 
However, without entering here into particulars, it will obvioufly 
appear, that the one has not been borrowed from the other, 

ERRATA. 

In p. 195. 1. 27. for between Gravelines and Calais read between Watten and 
Graveiines. And in L 28. for 56^ 42^ O^^ read 46 ' 52' o". 

in p. 197. in the diftance of the parallel of Rodes from that of Dunkirk, for 
6*" so' S^" ^4" read 6-^ 40' 51'^ 14" . 

In the kit line of the note at the bottom of p. 217. inftead of i° 49' 8^^8| 
read 1° 49' 48'^8. 

'hi p. 221. line 6. from the top, inflead of Tjths, read ji-thS' 

In the Table of Comparifon, p, 227. the laft line but one of the lafl column 
•but one, for 44373.5 read 44372. o. In the next line below, for 381 64.0, 4S for- 
merly corrected, read 38162.O. And in the right-hand column, lail line but 
one from the bottomi for + 19.1, read + I7,6. 
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Supplementary Table for the Degree 



places. 



Equator 



Latitudes. 



S» of France 



O 
S 

lO 

2.0 

35 

40 



Paris 



41 - 

42 - 

43 - 

43 32 

44 - 

45 - 

46 - 

47 - 

48 - 

48 
49 
50 



5^ S 
50 lo 

50 15 
50 20 

50 25 

SO 30 
50 35 
50 40 
SO 45 

50 50 
ISO 55 

51 o 



// 



Sum of the 
2 equat. ' 
^tbs of 
DG being 
fubtrac- 
tive. 



50 14 



545.12 
547,081 

552-595 

55^-739 
565.811 

567-715 
562.156 

546,285 

518.144 



Siipple- 
mentary 
corredion 
for deg. 
of great 
circles. 



510.955 

503-235 
494.946 

490.392 

486.244 

4^6.984 

467.216 

456.972 
446.252 

436-936 
435.084 

423.488 



422.504 
421.508 
420.523 

419-534 
418.526 

417-531 
416.528 

415-524 
414.515 

413.500 
412.491 

411-477 



Degrees of great 
circles perpendicular 
to the meridian cor- 
re6ted. 



0.00 
-f 0.07 
-f 0.82 
— 0.90 
-0.70 
-0.83 
-0.99 
-1.25 
-1-73 



Diff. 



61029.62 ^ 
^^'^31.64 { 



1.78 
1.90 
2.07 
2. II 
2.16 
2.30 
2.42 
.2.58 

2.75 
•2.83 

■2.85 
-3-03 



2.02 

l'°f-^i } 16.48 

61084.82 (^ ^2 

6II4I.42 { ^^ ^^ 

61177.I? V"^ 

' 7.68 



61 184.81 



:1 



61192.64 



} 



} 



3.06 
3.06 

3-07 
3.II, 

3-13 

3-H 

3-15 
•3.16 

• 3.20 
3.21 

■ 3.21 

■ 3.22 



7-83 

7-93 

4-3^ 
3.81 

, f 8.26 

6i^^7;Oo5 8.39 
6i22<..^q( 8.50 

8.60 
7.28 

1.41 

8.78 



61200.57 ^ 

61204.93 =f 
61208.74 I 

•5-39 X 
61233.89 I 

61242.49! 



61249.77 ( 
61251.18 ( 
61259.96 I 

61260.69 ^ 
61261.43 ( 
61262.16 I 
61262.90 I 
61263.64 I 
61264.37 I 
61265. II { 
61265.84 I 
61266.59 I 

; 61267.32 { 
61268.06 ( 

; 61268.80 > 



0.73 



0.74 

0.73 
0.74 
0.74 

0.73 
0.74 

0.73 

0.7s 

0.73 
0.74 

0.74 



Supple- 
mentary 
corre6lion 
for deg. 
of long. 



Degrees of longitude 
corrected . 



0.00 
4-0.04 
+ 0.86 

-0.85 

— 0.67 
-0.74 
^0.86 

— 1.02 

-1-33 



1-34 

1.40 

I-5I 

1-531 



61029.62 
60799.38 
60110.72 
58967.68 
57381.66 
55361.65 
52923.27 
50084.11 
46864.41 



1-54 
1.66 

1.67 

1-77 
1.83 

1.87 

1.87 

1.94 



1.97 
1.97 

I 95 

1.99 

1.99 
2.01 

2.02 
2.03 
2.03 
2.04 
■2.02 
2.01 



46176.78 

45475-00 

44759-26 

44371-97 
44029.89 

43286.^2 

42530.^4 

41761.40 

40979-23 
40314.64 

40184.39 
39377-^5 



DifF. 

} 230.24 
} 688.66 

} IH3-04 
} 1586.02^ 
} 2020.01 

} 2438-38 
} 2839.16 

} 3219.70 
687.63 

} 701.78 

} 7^5-74 

} 387-29 
} 342.08 

} 742.97 



39309-32 
39241.42 

39173-42 

39105.33 

39037-1:9 
38968.93 

38900.60 

38832.19 

38703.69 

38695.11 

38626.46 

38557-71 



} 756-18 

} 769-34 
} 782.27 

} 664.59 

} 130.25 

} 807.24 

67.83 

} 67.90 

\ 68.00 

} 68.09 

} 68.14 

} 68.26 

} 68.33 

} 68.41 

} 68.50 

} 68.58 

} 68.65 

} 68.75 



Places. 



Green wic 



: 



Lapland 



Pole 
N. B. 



U ii u 
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Degrees of the Earth. 



Places. 



jreenwich 



Lapland 



Pole 



Latitudes. 



51 
SI 
SI 
51 
51 
51 
SI 
SI 

51 
51 

SI 

51 

SI 

S2 



/ 

o 

5 

10 

IS 

20 

2S 

28 
30 

35 

40 

4S 

50 

55 
o 



O 



Sum of the 
3 equat. 
tths of 

DG being 
fub trac- 
tive. 



Supple- 
mentary 
corredion 
for deg. 
of great 
circles. 



40 



411-477 
410.459 

409-437 
408.408 

407.387 

406-357 
405.601 

405.320 

404.291 

403-253 
402.213 

401.168 
400.128 
399 080 



S3 

54 

55 

56 

57 

58 

58 

59 
60 



42 47.4 



386.325 
373.232 

359-851 
346.187 

332-301 
318.213 

308.075 

303 963 
289.569 



-3.22 

- 3.22 

-3-25 
-3-29 
-3-29 

-3-30 
-3-30 
-3-31 
-3-32' 

- 3-32 

- 3-37 
-3-37 
-3i38 

- 3-40 



65 - 

66 20 

70 - 

75 - 

80 - 

85 - 

90 o 



o 



3-35 
3'73 

3*90 

4.07 

4»23 
4-39 

4.51 

4-SS 
4.69 



Degrees of great 
circles perpeadicular 
to the meridian cor- 
rected. 



61268.80, 
61269.54 I 
61270.28 I 
61271.02 ( 
61271.76 I 
61272.50 \^ 
61273.04 I 
61273.24 { 
61273,98 { 



61274.72 



} 



61275.46 I 
61276.21 { 



61276.95 
61277.69 



61286.63 . 
61295.58 j 

61304-551 
61313.52 I 

61322.46 ^ 



61331*371 
61337-70 ( 
61340.23 =f 

61349-03^ 



DiC 

0.74 
0.74 
0.74 
0.74 
0.74 

0.54 
0.20 

0.74 

0.74 

0.74 

0-75 
0.74 

0.74 

} 8.94 

8.95 
8.97 

8.97 

8.94 
8.91 

6-33 

2-53 
8.80 



} 
} 



217.320 


--5-28 


i9§.36i 


-5-39 


148.229 


5-47 


87.S21 


--4.89 


41.569 


-3.81 


10.309 


— 2.16 


0.000 


-h-O.OO 



1 4.2.39 

614O2.II j J 

61429.69 ^7-58 

61462.07 {32'3«» 
61487.461 "^-39 

61501.44 ( I u 

161506,60-' -^^ 



Supple- 
mentary 
corre6lion 
for deg. 
of long. 



2.01 
2.02 
2.03 
2.06 
2.07 
•2»09 
•2.04 

■ 2.09 

■ 2.07 
-2.07 
-2.06 

-2,08 

-2. II 
-2.09 



2,13 
2.20 
2.24 
2.27 
2.30 

^•33 

2-35 

2.35 

•2.34 



Degrees of longitude ; 
correded. 



38557-71 
38488.88 

38419.97 

38350.97 
38281.90 
38212.73 
38161.96 
38143.48 

38074.17 
38004.76 

37935-28 { 

37865.69 { 
37796.01 1; 

37726.31 -^• 



} 

} 

} 

} 
\ 

} 
} 
} 
} 



-2.23 

— 2.16 
--1.87 

— i.27 

--0.74 

— 0.20 
0.00 



36883.22 
36028.63 
35162.84 
34286.09 

33398.61 
32500.67 

31854.07 

3^592-55 

30674.52 



} 
} 
} 
} 
} 
} 
} 
} 
I 

25945-^41 

24H7'73 { 
21010.19 I 

15907-55 X 
10677. 1 1 { 

5360.20 \^ 

0000.00 ^ 



N. B.The degree of the meridian, whofe center anfwers to the latitude of 43"* 32', is m length 

60714.54 fathoms. 



DifF. 

68.83 
68.91 
69.00 
69.07 
69.17 

50.77 
18.48 

69.31 

69.41 

69.48 

69-59 
69.68 

69.70 

843.09 

854.59 
865.79 

876.75 
887.48 
897.94 
646.60 
261,32 
918,03 

4729.38 

1297,41 

3637.54 
5102.64 

5230.44 

5316.91 

5360.20 
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